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MVA EXPRESSING MODIFIED HIV ENVELOPE, GAG, AND POL GENES 



The invention provides modified vaccinia Ankara (MVA), a replication-deficient 
strain of vaccinia virus, expressing human immunodeficiency virus (HIV) env, gag, and pol 
genes. 



Cellular immunity plays an important role in the control of immunodeficiency vims 
infections (PJ. Qnuldcr Ft al 1999 AIDS I3:S121 ), Recently, a DNA vwxinr. rlrsignnd to 
enhance cellular immunity by cytokine augmentation successfully contained a highly 
virulent immunodeficiency virus challenge (D.H, Barouch et al. 2000 Science 290:486). 
Another promising approach to raising cellular immunity is DNA priming followed by 
recombinant poxvirus boosters (H,L. Robinson et ui 2000 AIDS Rev 2:105). This 
heterologous prime/boost regimen induces 10- to 100-fold higher frequencies of T cells 
than priming and hoosting with DNA or recombinant poxvirus vaccines alone. Previously, 
investigators showed that boosting a DNA-primed response with a poxvirus was superior to 
boosting with DNA or protein fbr the control of a non-pathogenic immunodeficiency viruc 
(H.L. Robinson et ai 1999 Nat Med 5:526). There is a need for the control of a pathogenic 
immunodeficiency virus. 



Here wc report that DNA priming followed by a recombinant modified vaccinia 

Ankara (rMVA) booster has controlled a highly pathogenic immunodeficiency virus 
challenge in a rhesus macaque model. Both the DNA and rMVA components of tho 
vaccine expressed multiple immunodeficiency virus proteins. Two DNA inoculations at 0 
and 3 weeks and a single rMVA booster at 24 weeks effectively controlled an intrarectal 
challenge administered seven months after the booster. These findings are mvisinned as 
indicating that a relatively simple rnuhipmtein DNA/MVA varxinr can help to control the 
acquired immune deficiency syndrome (AIDS) epidemic. We also report that inoculations 
of rMVA induce good immune responses even without DNA priming. 



Ffnld nf fhr Invention 



Hacterja.u.^Qft^ 
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Brief ^DcBcrioti on 9f th^ P ra winps 



Figure I. Phylogcnotic relationships of HTV-l and HIV-2 based on identity ofpol 
gene sequences. SIV^ arid SIV^ art subhuman primate lenti viruses recovered from a 
chimpanzee and sooty mangabey monkey, respectively. 

Figure II. Phylogenetic relationships of HIV- 1 groups M, N and O whh Tour 
different SIV^ isolates based on full-length pol gene sequences. The bar indicates a 
genetio distance of 0,1 (10% nucleotide divergence) and the asterisk positions group N 
HIY-1 isolates based on e/iv sequences. 

Figure ILL Tmpic and biologic properties of HIV- 1 isolates. 

Figure IV. HfV-encoded proteins. The location of the HTV genes, the sizes of 
primary translation products (in some cases polyproteins), and the processed mature viral 
proteins are indicated. 

Figure V. Schematic representation of a mature HIV-1 virion. 

Figure VI, Linear representation of the HIV-1 Env glycoprotein. The arrow 
indicates rhc site nf gpl60 cleavage to gpl20 and gp41. In bp 120. crou-katched areas 
represent variable domains (V, to V 5 ) and open boxes depict conserved sequences (Ci to 
C$). In the gp4I ectodomain, several domains are Indicated: the N-termlnal fusion peptide, 
and the two eotodornain helices (N- and C-helbc). The membrane- spanning' domain is 
represented by a black box. In the gp41 cytoplasmic domain, the Tyr-X-X-Leu (YXXL) 
endocytosis motif (SEQ TO NO: 9) and two predicted helical domains (hclix-1 and -2) are 
shown. Amino anirl numbers are indicated. 

Figure 1. Temporal frequencies of Gag-specific T cells. (A) Gag-specific CD8 T 
cell responses raised by DNA priming and rMVA booster immunizations. The schematic 
presents mean Gag-CM9-tetraraer data generated In the high-dose i.d. DNA-immunized 
animals. (B) Gag-specific IFN-y ELISPOTs in A*0J (open bars) and non-4 *0; (filled 
bars) macaques at various times before challenge and at two weeks afler challenge. Three 
pools of 10 to 13 Gag peptides (22-mers nverlapping by 12) were used for the analyses. 
The numbers above data bars represent the arithmetic mean ± SD fbr the EUSPOTs within 
each group. The numbers at the top of the graphs designate individual animals. *, data not 
available; tf, <20 ELISPOTs per lxlO 5 peripheral blood mononuclear cells (PBMC). 
Temporal data for GaE-CM9-Mamu-A*01 tetramer-specific T cell« can be found in Figure 



PAGE 7/116* 



RCVD AT 7/1812006 3:22:44 PM [Eastern Daylight Time] • SVMSPTO-EFXRMH * DNIS: 2738300 * CSID: 212 588 0500 * DURATION (mm-ss):32-04 



07/18/2006 15:17 FAX 212 588 0500 FROMMER LAWRENCE @ 008/1 16 



WO 0*07*754 rCT/DSn2/067l3 

FiRuro I. Temporal viral loads, CD4 counts, and eurvival after challenge of 
vaccinated and control animals. (A) Geometric mean viral loads and (B) fteometrie mean 
CD4 counts. (C) Survival curve for vaccinated and control animals. The dotted line 
represents all 24 vaccinated animals. (D) Viral loads and CD4 counts for individual 
animals in the vaccine and control groups. The key to animal numbers is presented in (JE). 
Assays for the flrst 12 weeks after challenge had a detection level of 1000 copies of RNA 
per milliliter of plasma. Animals with loads below 1Q00 were scored with a load of 500. 
For weeks 16 and 20, the detection level Wft>s 300 copies of RNA per milliliter. Animals 
with levels of virus below 300 were scored at 300. 

Figure 3, Poatchallenge T cell responses in vaccine and control groups. (A) 
Temporal tetramcr* cells (dashed line) and viral loads (solid line). (B) Intracellular 
cytokine assays for IFN*7 production in response to stimulation with the Oag-CM9 pepMc 
at two weeks after challenge. Thi* *r vivo assay allows evaluation of the functional slams 
of the peak postchallengc tetramer* cells displayed in Figure 1 A. (C) Proliferation assay at 
12 weeks after challenge. Gag-PoUEnv (open bars) arui Gag-Pol (hatched bars) produced 
by h-amient translations were used for stimulation. Supernatants from mock-trarufcctcd 
culTirres served as control antigen. Stimulation indices are the growth of cultures in the 
presence of viral aniens divided by the growth of cultures in ihe presence of mnck 
antigen. 

Figure 4. Lymph node hlstomorphology at 12 wecb after challenge. (A) Typical 
lymph node from a vaccinated macaque showing evidence of follicular hyperplasia 
charar.terized by the presence of numerous secondary follicles with expanded germinal 
centers and discrete dark and light zones. (B) Typical lymph node from an infected control 
animal showing follicular depletion and' paracortioal lymphocellular atrophy. (C) A 
representative lymph node from an age-matched, uninfected macaque displaying 
nonreaotive germinal centers. (D) The percentage of the total lymph node area occupied by 
germinal centers was measured to give a non-specific indicator of follicular hyperplasia, 
Data fbr uninfected controls are for four age-matched rhesus macaques. 

Figure 5. Temporal antibody responses. Micrograms of total Oag (A) or F,nv (B) 
antibody were determined with ELISAa. The titers of neutralizing antibody for SHJV-A9.6 
(C) and SHJV-89.6P (D) were determined with MT-2 cell killing and neutral red staining 
(D.C, Momefiori et al 1988 / Clin Microbiol 26:231). Titers are the reciprocal of the 
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serum dilution giving 50% neutralization of the indicated viruses grown in human PBMC. 
Symbols for animals are the flame es in Figure 2. 

Figure 6. Gag-CM9-Mamu.A*0J. terramer-specific T cells in Atamu-A*Q] 
vaccinated and oontrol maeaqurs at various times before Challenge and at two weeks after 
challenge. The number at the upper right corner of each plot represents the fhsqiimcy of 
tetramer-apeciflc CDS 7 cells as a % of total CDS T cells. The numbers above each column 
nf FACS data designate individual animals. 

Figure A. Map and sequence of plasmid transfer vrrtorpLW-<t$. 

Figure B. Sequence* of plasmid transfer vector pLW.48, p gy n promoter (which 
controls ADA onvclopc expression). ADA envelope truncated, PmH5 promoter (which 
controls HXB2 gag poj etprcssion), and HXB2 gag pol (with safety mutations. A 
integrase). 

Figure C. Plasmid transfer vector pLW-48 and making MVA recombinant virus 
MV A/HIV 48. 

Figure D, A clede B gag pol. 

Figure E, Sequence of nrw Psyn II promoter. 

Dcta^H rwriprion of ^Preferre d Emhodinw 
Recombinant MVA Virus 

Vaccinia virus, a member of the genua Orthopoxvirus in the family of Poxviridae, 
was used as live vaccine to immunize against the human smullpax disease. Successful 
worldwide vaccination with vaccinia vims culminated in rhe eradication of variola virus, 
the causative agent of the smallpox (The global eradication of smallpox. Final report of the 
global commission for the ncsti fiction of smallpox eradication. History of Public Health, 
No, 1, Geneva: World Health Organization, 1980). Since that WHO dr^tion, 
vacaWion has been universally discontinued except for people at high risk of poxvirus 
infections (e,g. laboratory workers). 

More recently, vaccinia viruses have also been used to engineer viral vectors for 
recombinant gene expression anri for rhe potential use as recombinant live vaccines 
(Mackett, M «* a/. 1982 PMS USA W: 74 15-7419; Smith, CX. *t a/. 1984 Biotech fen* 
Engin Rev 2:383-407). This entails DNA sequences (genes) which code for foreign 
anii e cn* being introduced, with the aid of DNA recombination techniques, into the genome 
of rhe vaccinia viruses. If the gene is integrated at a site in the viral DNA which is non- 
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essential for the life cycle of the virus. It is possible far the newly produced recombinant 
vaccinia virus to be infectious, that is to say able to infect foreign cells and thus to express 
ihe integrated DNA sequence (EP Patent Application* No. 83,286 and No. 110,385), The 
recombinant vaccinia viruses prepared in this way can be used, on the one hand, as live 
vaccines for the prophylaxis of infectious diseases, on the other hand, for the preparation of 
heterologous proteins in eukaryolie cells. 

For vector applications healTh risks would be lessened by the use of a highly 
attenuated vaccinia virus strain. Several such strain* of vaccinia virus were especially 
developed to avoid undesired side effects of fmailpox vaccination. Thus, the modified 
vaccinia Ankara (MVA) has been generated by long-term aerial passages or the Ankara 
strain of vaccinia virus (CVA) on chicken embryo fibroblasts (for review ace Mayr, A, tt 
al. 1975 Infection 3:6*14; Swisa Patent No. 568.392). The MVA virus is publicly available 
from American Type Culture Collection as ATCC No. VR-1108. MVA is distinguished by 
its great attenuation, that is to say by diminished virulence and ability to replicate in 
primate cells while maintaining good immunogenictty. The MVA virus has been analyzed 
to determine alterations in the genome relative to the parental CVA strain. Six major 
deletions of genomic DNA (deletion I, n, HI, IV, V, and VI) totaling 31,000 base pairs 
have been identified (Meyer, H. tt al 1991 J Gen Virol 72:1031-1038). The resulting 
MVA virus became severely host cell restricted to avian cells. 

Furthermore, MVA is characterized by its extreme attenuation. When tested in a 
variety of animal models, MVA was proven to be avirulent even in immunosuppressed 
animals. More importantly, the excellent properties of the MVA strain have been 
demonstrated in extensive clinical trials (Mayr A, tt al. 1978 Zentralbl Bakteriol [B] 
167:375-390; Stickl ct al 1974 Dtsch Med Wschr 99:2386-2392). During these studies in 
over 120,000 humans, including high-risk patients, no side effects were associated with the 
use of MVA vaccine. 

MVA replication in human cells was found to be blocked late in infection 
preventing the assembly to mature infectious virions. Nevertheless, MVA was able to 
express viral and recombinant genes at high levels even in non-permissive cells and was 
proposed to serve as an efficient and exceptionally safe gene expression vector (Sutter, O, 
and Moss, B- 1992 PNAS USA 89:10847-10851), Additionally, novel vaccinia vector 
vaccine* were established on the bam nf MVA having foreign DNA sequences inserred ai 
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the site of deletion m within the MVA genome (Sutter, G, et aL 1994 Vaccine 12:1032- 
1040). 

The recombinant MVA vaccinia viruses can be prepared as set out hereinafter, A 
DNA-ccm«truct which contains a DNA-sequencc which codes for a foreign polypeptide 
flanked by MVA DNA sequences adjacent in a namra])y nrxiirring deletion, e.g. rielrtinn 
III, or other non-essential sites, within the MVA genome, is introduced into cells infected 
with MVA, lo allow homologous recombination. Once the DNA-consmuct has been 
introduced into the eoVaryotlc cell and the foreign DNA has recombined with the viral 
DNA, it ia possible to isolate the desired recombinant vaccinia virus in a manner known per 
sc, preferably with the aid of a marker. The DNA-constnict to be inserted can be linear or 
circular. A plasmid nr polymerase chain reaction product is preferred. The DNA'cnnstruct 
contains sequences flanking the left and rhc right sidn of a narorally occurring deletion, e.g. 
deletion HI, within the MVA genome. The foreign DNA sequence is inserted between the 
sequences flanking the naturally occurring deletion. For the expression of a DNA sequence 
or gene, it is necessary for regulatory sequences, which are required for the transcription of 
the gene, to be present on the DNA. Such regulatory sequences (called promoters) are 
known En those skilled in the art, and include for example those of the vaccinia LI kDa gene 
as arr descrihed in EP-A-198.32R. and thrse nf the 7.5 VDa erne (EP-A-l JO^ftty The 
DNA-construci can be introduced into the MVA infected cells by transfbetion, for example 
by means of calcium phosphate precipitation (Graham el at. 1973 Virol 52:456-467; Wigler 
et *L 1979 Cell 16:777-785), by means of electroporation (Neumann et aJ, 1982 EMBO J 
1:841-545), by microinjection (Gracssmann et aL 1983 Mcih Enzymol 101:482-492), by 

mean* nf (ipnsnmes (Straubinger et al 1983 Mzth Enzympl 101:512-527), hy means of 
sphcxoplasts (Schaffhcr 1.980 PNAS USA 77:2163-2167) nr by nfher rnnthods known to 
those skilled in the art. 
I^sanQLIheirRepl^ipn 

The etiological agent of acquired immune deficiency syndrome (AIDS) is 
recognized to be a retrovirus exhibiting characteristics typical of the lenri virus genus, 

referred fn as human immunodeficiency virus (HfV). The phylogcnctic Telatinrtfihips nf the 
human Irnti viruses are fthown in Figure 1. rfJY-2 is mnre clnsely related fn SIV,,,^, a virus 

isolated from sooty mangahey monkeys in the wild, rhan to HIV-1. It is currently believed 
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•hat fflV-2 represents a aoonotic transmission of SIV^ tq num. A series of lentiviral 
isolates from captive chimpanzees, designated SIV^, are dose genetic relatives of HIV-1. 

The earliest phylojenetic analyses of HIV-l isolates focuaed en samples fhm 
Europe/North America and Africa; discrete clusters of viruses were identified from these 
two areas of the world. Disiinct genetic subtypes or olades of HIV-1 were subsequently 
defined and classified into three groups: M (major); O (outlier); and N (non-M or O) (Fig. 
U). The M group of HIV-1, which inoludes over 95% of the global virus isolates, consists 
of at least eight discrete eludes (A, B. C. D, F. G, H, and J), based on the sequence of 
complete viral genomes. Members ofHJV-l group O have been recovered from individuals 
living in Cameroon, Oahnn, and Equatorial Guinea; their genomes shut Jess than 50% 
identity in nucleotide sequence with group M viruses. The more recently discovered group 
N HIV-I strains have been identified in infected Cameroonians. fail tn re«-.t serologically in 
ahwfcni whole-virus enzyme-linked immunosorbent assay (BLISA), yet are readily 
detectable by conventional Western blot enolysis. 

Most current knowledge about HIV-I genetic variation comes from studies of group 
M viruses of diverse geographic origin. Date collected during the past decade indicate that 
the HIV-1 population present wiihln an infeeted individual can vary from 6% to 10% in 
nucleotide sequence. HIV-1 isolates within a clade may' exhibit nucleotide distances of 13% 
in gag and up to 30% in gp!2g coding sequences. Interelade generic variation may range 
between 30% and 40% depending oh the gene analyzrd. 

All of the HIV-I group M subtypes can be found in Africa. Clade A viruses are 
genetically the most divergent and were the most common HIV-1 subtype in Africa early in 
the epidemic. With the mpid spread of HIV-l to southern Africa during the mid lo late 
1990a. clade C viruses have become the dominant subtype and now accannt for 48% of 
HIV-I infections worldwide. Clade B virtues, the most intensively studied HIV-l subtype, 
remain the most prevalent isolates in Europe and North America. 

High rates of genetic recombination are a hallmark of retroviruses. It was initially 
believed that simultaneous infections by genetically diverse virus strains were not likely to 
be established in individual* at risk ihr HIV-l. By 1995, however, it became apparent that 
a significant fraction of rhe HIV-1 group M global diversity included interelade viral 
recombinants. It i 9 now appreciated that HIV-1 recombinants wilt be found in geographic 
areas such it Africa, South America, and Southeast Asia, where multiple HIV-l subtypes 
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coexist and may account for more than 10% of circulating HJV-1 strains. Molecularly, the 
genomes of these recombinant viruses resemble patchwork mosaic*, with juxtaposed 
diverse HTV-1 subtype segments, reflecting the multiple crossover events contributing to 
their generation, Most HIV-1 recombinants have arisen in Africa and a majority contain 
segments originally derived from olade A viruses. In Thailand, for cample, the 
composition of the predominant circulating strain consists of a elade A gag pins pot gene 
segment and a olade E env gene, Because the cladc E env gene in Thai HIV-1 strains is 
olosoly related to the clade E rav present in virus isolates from the Central African 
Republic, it \r believed that the original recombination event occurred in Africa, with the 
subsequent introduction of a descentfem virus into Thailand. Interestingly, no full-length 
HTV-i subtype E isolate (i.e., with subtype B gag, po\ % and env genes) has been reporter! tn 
date. 

The discovery that a and P ehemokinc receptors function as coreceptors for virus 
fusion and entry into susceptible CD4 4, cells has led to a revised classification scheme for 
HIV-1 (Fig. Ill), isolates can now be grouped on the basis of chemokine receptor 
nh'Hzation in fusion assays in which HT\M gpi20 and CD4 f coreceptor proteins are 
expressed in separate cells. As indicated in Figure HI, HIV-1 isolates using the CXCR4 
receptor (now designated X4 viruses) are usually T cell tine (TCL>tmpi c syncytium 
inducing (SI) strains, whereas those exclusively utilizing the OCRJ receptor (R5 viruses) 
are predominantly macrophage (M>hnpin und non-syncytium Inducing (NSI). The dual- 
tropic R5/X4 strains, which may comprise the majority of patient isolates and exhibit a 
continuum of tropic phenorypes, are frequently SL 

As is the case for all replication-competent retroviruses, the three primary HTV-l 
translation products, all encoding structural proteins, are initially synthesized as polyprotein 
precursors, which are subsequently processed by viral or cellular proieases Into mature 
particle-associated proteins (Fig. IV). The 55 -kd Gag precursor Pr55 G< * is cleaved into the 
matrix (MA), capsid (CA), nucJeocapsid (NC), and p6 protein*, Autocatalysis of the 160-kd 
Gag-Pol polyprotein, PrieO*** 1 , gives rise to the protease (PR), the heterodimeric reverse 
transcriptase (RT), and the integrate (IN) proteins, whereas proteolytic digestion hy a 
cellular en2yme(s) converts the glycosylated 160-kd Env precursor gp!60 to the gpl20 
surface (SU) and gp41 transmembrane (TM) cleavage products. The remaining six HIV-1- 
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encoded proteins (Vlf, Vpr, Tat, Rev, Vpu, and Nel) are the primary translation products of 

spliced mRNAs. 

OAS 

The Gag proteins of HIV, like those of other retroviruses, are necessary and 
sufficient for the formation of noninfectious, vims-like particles, Retroviral Gag proteins 
are generally synthesized as polyproteJn precursors; the H1V-1 Gag precursor has been 
named, based on its apparent molecular mass, Fr55 0t *, As noted previously, the mRNA for 
Pr55° M is the ungplioed 9,2-]cb transcript (Fig, TV) that requires Rev for its expression in the 
cytoplasm. When the/?©/ ORF is present, the viral protease (PR) cleaves Pr55 Caff during or 
shortly after budding from the cell to generate the mature Gag proteins pi 7 (MA), p24 
(CA), p7 (NC), and p6 (see Fig. IV). In the virion, MA is localized immediately inside the 
lipid bilayer of the viral envelope, CA forms the outer portion of the cone-shaped core 
structure in the center of the particle, and NC is present in the core in a ribonucleoprotein 
complex with the viral RNA genome (Pig. V). 

The HTV Pr55°* precursor oligomerizes following its translation and is targeted to 
the plasma membrane, where particles of sufficient size and density to be visible by EM are 
assembled. Formation of virus -like particles by PrS^* is a self-assembly process, with 
critical Gag-Gag interactions taking place between multiple domains along the Gag 
precursor. The assembly of virus-like particles does not require the participation of 
genomic RNA (although the presence of nucleic acid appears to be essential), ^encoded 
enzymes, or Env glycoproteins, but the production of infectious virions requires the 
encapsidation of the viral RNA genome and the incorporation of the Env glycoproteins and 
The Gag-Pol polyprotcin precursor Prl60 c,i ^ 01 . 

m 

Downstream of gag lies the most highly conserved region of the HIV genoma, the 
pol gene, which encodes three enzymes: PR, RT, and IN (see Fig. IV). RT and IN are 
required, respectively, for reverse transcription of the viral RNA genome to a double- 
stranded DNA copy, and for the integration of the viral DNA into the host cell 
chromosome. PR plays a r.ritina! m)r lute in the life cycle by mediating the production of 
mature, infectious virions. The poi gene products are derived by enzymatic cleavage of a 
160-kd Gag-Pol fusion protein, referred to as PrlfiO 0 *^. This fusion protein is produced 
by ribosDmal frairieshlftlng during translation of PrSS^ (see Fig, IV). The frame-shifting 
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mechanism for Gag-Pol expression, also utilized by many other retroviruses, ensures that 
the ^/-derived proteins are expressed at a low level, approximately 5% to 10% that of Gag. 
Like PrSS^, the N-terminus of Prl60 Qar?Dl is myristylaied and targeted to the plasma 
membrane. 
ProteasB 

Early pulse-chase studies performed, with avian rc-jTovirnRr.* clearly indicated that 
retroviral Gag proteins are initially synthesized as polyprotein precursors that are cleaved, to 
generate smaller products. Subsequent studies demonstrated that the processing function is 
provided by a viral rather than a cellular enzyme* and that proteolytic digestion of the Gag 
and Gag-Pol precursors is essential for virus mfectivity. Sequence analysis of retroviral PRs 
inrticatnrl that ftcy arc related to cellular "aspartic 11 proteases such as pepsin and renin. 
Like these cellular enzymes, rrtroviral PR* use twn Apposed Asp residues at the active site 
to coordinate a water molecule that catalyzes [he hydrolysis of a peptide bond In the target, 
protein. Unlike the cellular asp art ic proteases, which function as pseudodimers (using two 
folds within the same molecule to generate the active site), retroviral PR$ function as true 
dimcrs. X-ray crystal lo graphic data from HIV-l PR indioate that the two monomers are 
held together in part by a four-stranded anttparallel fl-shect derived from both N- and C- 
terminat ends of each monomer. The siihstrate-hindrng site is located within a cleft formed 
between the two monomers. Like iheir cellular homologs, the HIV PR fllraer contains 
flexible "flaps" that overhang the binding site and may stabilize the substrate within the 
cleft; the active-site Asp residues lie in the center of the dimer. Interestingly, although 
some limited amino acid homology is observed surrounding active-site residues, the 
primary scqumprs nf retroviral PR* arc highly divergent, yet their structures arc 
remarkably similar. 
Reverse Transcriptase 

By definition, rotrovirtiBOS possess the ability to convert their single-stranded RNA 
genomes into double-stranded DNA during the early stages of the infection process. The 
enzyme that catalyzes this reaction is RT, in conjunction with its associated RNascH 
activity. Rcfrnviral RTs have three enzymatic activities: (a) RNA-directed DNA 
polymerhflHon (far mirms-sirand DNA synthesis), (b) RNaseH activity (for the degradation 
of the tRNA primer and genomic RNA present in DNA-RNA hyhrid intermediates), and (c) 
DNA-directed DNA polymerization (fbr second- or plus-strand DNA synthesis). 

-10- 
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The mature HIV-1 RT holoenzyme is a heterodiraer of to and 51 led subunits. The 
51-lcd subunit (p51) is derived from the 66-kd (p66) subunlt by proteolytic removal of tbe 
C-termlnal 15-kd RNaseH domain of p66 by PR (see Fig. rv> The crystal structure of 
HIV-1 RT reveal* a highly asymmetric folding in whioh the orientations of the p66 arid p51 
BubunitB differ substantially, The p66 subunit can be visualized as a right hand, with the 
polymerase active site within the palm* and a deep template-binding tfefi formed, by the 
palm, fingers, and thumb subdomains. The polymerase domain is linked to RNaseH by the 
connection sub domain. The active site, located in the palm, contains three critical Asp 
residues (110, 183, and 186) in close proximity, and two coordinated Mg 2 * ions. Mutation 
of these Aep residues abolishes RT polymerizing activity. The orientation of the three 
active-site Asp residuee is similar to that observed in other DNA polymerases (e.g., the 
Klenow fragment of £. coli DNA poll). The pSI subunit appears to be rigid and docs not 
form a polymerizing cleft; Asp 110, 185, and 186 of this subunit are buried wkhin trie 
molecule. Approximately IS base pairs of the primer-template duplex lie in the nucJeic 
acid binding cleft, stretching from the polymerase active site to the RNaseK domain. 

In the RT-primer- tempi ate-dNTP structure, the presence of a dideoxynucleotide at 
the 3' end of the primer allows visualization of the catalytic complox trapped just prior to 
attack on the incoming dNTP. Comparison with previously obtained structures suggests a 
model whereby the fingers close in to trap the template and dNTP prior to nudeophilic 
attack of the 3-OH of thG primrr on the incoming dNTP. After the addition of ihe 
incoming dNTP to the growing chain, it has been proposed that the fingers adopt a more 
open configuration, thereby releasing the pyrophosphate and enabling RT to bind the next 
dNTP. The structure of the HIV-1 RNaseH has also been determined by x-ray 
crystallography; this domain displays a global folding similar to that of E. coli RNascH. 

A distinguishing fnatum of retrovirus replication is die insertion of a DNA copy of 
the viral genome into the host cell chromosome following reverse transcription. The 
integrated viral DNA (the pro virus) serves as the template for the eynthsBis of viral RNAs 
and is maintained as part of the host cell genome for the lifetime of the infected cell. 
Retroviral mutants deficient in the ability to integrate generally fail to establish a 
productive infection. 

-li- 
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The integration of viral DNA is catalyzed by integrase, a 32-kd protein generated by 
PR-mediated cleavage of the Oterminal portion of the HIV-1 Gag-PoJ polyprotein (eee Fig. 
TV). 

Retroviral IN proteins arc composed of three structurally and functionally distinct 
domains; an N-terrainal, zinofinger*contaimng domain, a core domain, md n rcl/irivrly 
noncoiwerved C-terminal domain. Because of its law solubility, it has not yet been 
possible to crystalli2e the entire 258-arainc-acid HIV-l IN protein. However, the structure 
of all three domains has been solved independently by x-ray crystallography or NMR 
mcthnd*. The crystal structure of the oore domain of the avian sarcoma virus IN has also 
been determined. The N-tenninal domain (residues 1 to 55), whose structure was solved by 
NMR spectroscopy, Is composed of Ibur helices with a zinn crmrdinated by nminn ncid* 
His-12, His- 16, Cys-40, and Cys-43. The structure of the N-terminal domain is reTnmisneint 
of helical DNA binding proteins that contain a so-called helix-tum-helix motif, however, in 
the HIV-1 struoture this motif contributes to dimer formation, Initially, poor solubility 
hampered efforts to solve the structure of the oore domain, However, attempts at 
crystallography were successful when it was observed that a Phe-to-lys change at IN 
residue 185 greatly increased sDluhilhy without disrupting in vitro catalytic activity. Each 
monomer of the HIV-1 IN core domain (IN residues 50 to 212) is composed of a five- 
stranded (S-sheet flanked by helices; this structure bears striking resemblance to other 
polynucleotidyl transferases including RNaseH and the bacteriophage MuA transposase. 
Three highly conserved residues are found in analogous positions in other polynucleotidyl 
transferases; in HIV-1 IN these arc Asp-64, Asp-l 16 and Qlu- 1 52, the so-called DJ)-35-E 
motif. Mutations at these positions block HIV IN function both in vivo and in vitro. The 
close proximity of these three amine acids in the crystal structure of both avian sarcoma 
virus and HIV-1 oore domains supports the hypothesis that these residues play a central role 
in catalysis of the polynuoleotidyl transfer reaction that is at the hear* of the integration 
process. The C-terrninftl domain, whose structure has been solved by NMR methods, 
adopts a five-stranded p-barrel folding topology reminiscent of a Src homology 3 (SH3) 
domain, Recently, the x-ray structures of SIV and Rons sarcoma vims TN protein 
fragments encompassing both the core and C-terminal domains have been solved. 
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The HIV Env glycoproteins play a major role in ihe virus life cycle. They contain 
the determinants that interact with the CD4 receptor and cerecepter, and they catalyse the 
fusion reaction between the lipid bilayer of the vira] envelope and the host cell plasma 
membrane. In addition, the HIV Env glycoproteins contain epitopes that elicit immune 
responses that arc important from both diagnostic and vaccine development perspectives, 

The HIV Env glycoprotein is synthesized from the singly spliced 4.3-kb Ypu/Env 
bicistronic mRNA (see Fig. IV); translation occurs on ribosomes associated with (he rough 
endoplasmic reticulum (ER). The 160-kd polyprotein precursor (gpl6Q) is an integral 
membrane protein that is anchored to cell membranes by a hydrophobic stop-transfer signal 
in the domain destined to be the mature TM Env glycoprotein, gp41 (Fig. VI). The gpl60 
is cctranslationally glycosylated, forms disulfide bonds, and undergoes oKgomcrizaiion in 
the ER. The predominant oligomcric form appears to be a trimer, although dimers and 
terramers axe also observed. The gpl<50 is transported to the Golgi, where, like other 
retroviral envelope precursor proteins, It is proteolytically cleaved by cellular enzymes to 
the mature SU glycoprotein gp!20 and TM glycoprotein gp41 (gee Fig. VI). The cellular 
enzyme responsible for cleavage of retroviral Env precursors following a highly conserved 
Lys/Arg-X-Lya/Arg-Arg motif is farm or a furhvlike protease, although other enzymes 
may also catalyze gpl60 processing. Cleavage of gpl<50 is required for Env-induxed flision 
activity and virus infectiviry. Subsequent to gplGO cleavage, gpl20 and gp41 form a 
noncovalent association that is critical fl)r transport of the Env complex from the Golgi to 
the cell surface. The gpl20-gp41 interaction is fairly weak, and a substantial amount of 
gp!20 is shed from the surface of Env-expressing cells. 

The HIV Env glycoprotein complex, in particular the SU (gp120) domain, is very 
heavily glycosylated; approximately half the molecular mass of gpl 60 is composed of 
oligosaccharide side chains. During transport of Env from its site of synthesis in the ER to 
the plasma membrane, many of the side chains are modified by the addition of complex 
sugars. The numerous oligosaccharide side chains form what could be imagined as a sugar 
oloud obsouring much or gpl 20 from host immune recognition. As shown in Figure VI, 
gpl20 contains interspersed conserved (C, to C s ) and variable (V, to V f ) domains. The Cys 
residues present in the gp!20s of different isolates are highly conserved and form disulfide 
rmnefs that link the firtt four variable regions in large loops. 

-13- 
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A primary function of viral Env glycoproteins is to promote a membrane fhsion 
reaction between the lipid bilayers of the viral envelop* and host cell membranes. This 
membrane ftiRinn event enables the viral core lo gain entry into the host cell cytoplasm. A 
number of regions In both gpl 70 and gp41 have been implicated, directly or indirectly, in 
Env-medJated membrane fusion. Studies of the HAj hemagglutinin pratrin of thr 
orthomyxoviruses and the F protein of the paramyxoviruses indicated that a highly 
hydrophobic domain at the N-teiminue of these proteins, referred to as the fusion peptide, 
plays a critical role in membrane fusion. Mutational analyses demonstrated that an 
analogous ctamain was located at the N-terminua of the HTV-1, HTV-2, and SIV TM 
glycoproteins (see Fig. VJ). Nonhydrophobic substitutions within this region of gp41 
greatly reduced or bloclced syncytium formation and resulted in ihr prnriV.tinn of 
rtoninfectioua pro'geny virions. 

C^erminal to the gpll fusion peptide are two amphipathic helical domflins (sea Fig. 
VI) which play a central role in membrane fusion. Mutations in the N-termlnal helix 
(rtftrred to as the N-hclix). which contains a Leu zipper-like heptad repeat motif, impair 
inftecrlvlfy and membrane fusion activity, and peptides derived from these sequences 
exhibit potent anil viral activity in culture. The structure of the ectortnmain of HIV-1 and 
SIV gp41, the two helical motifs In particular, has been the fbcus of structural analyse in 
recent years. Structures were determined by x-ray crystallography or NMR spectroscopy 
either for fusion proteins containing the helical domains, a mixture of peptides derived from 
the N- and C-hcKccs, or in the case of the SIV structure, the intact gp41 ectodomain 
sequence from residue 27 to 149. These studies obtained fundamentally similar trirneric 
structures, in which the two helical domains pack in an anripaTBllrJ fashinn ta generate a 
six-helix bundle. The N-helices form a coiled-coil In the center of the bundle, with thr. C- 
helices packing into hydrophobic grooves on the outside. 

In the steps leading to membrane fusion CD4 binding induces conformation 
chraigtw in Knv that facilitate coreccptor binding. Following the formation of a ternary 
gpl20/CD4/coreceptor complex, gp41 adopts a hypothetical conformation that allows the 
fiision peptide to insert into the rargrr lipid hilaycr. The formation of the gp4l six-helix 
bundle (which involves anriparaJlel interactions bf^wnm the gp41 N- and C-hc|iccs) brings 
the viral and cellular membranes together and membrane fusion takes place. 

-14- 
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H.« of Recombinant MVA Vi rus To Boost qP+8 foil Immune Response 

The present invention relates to generation of a CDS* T cell immune response 
against an antigtn and a)*o eliciting an antibody response. More particularly, the present 
invention relates to "prime and boost 11 immunization regimes in which the immune 
response induced by administration of a priming composition is boosted by administration 
of a boosting composition. The present invention is based on inventors' experimental 
demonstration that effective boosting can be achieved using modified vaccinia Ankara 
(MVA) vectors, following priming with any of a variety of different types of priming 
composiiions including recombinant MVA itself. 

A major protective component of the immune response against a number of 
pathogens is mediated by T lymphocytes of the CD 8* type, also known a* cytotoxic T 
lymphocytes (CTL). An important function of CD8" cells is secretion of gamma interferon 
(IFNt). end this provides a measure of CDS* T cell immune response, A second 
component of the immune response is antibody directed to the proteins of the pathogen. 

The present invention employs MVA which, as the experiments described below 
show, has been found lo be an effective means for providing a boost to a CD 8* T cell 
immune response primed CO antigen using any of a variety nf different priming 
compositions and also eliciting an antibody response. 

Remarkably, the experimental work described below demonstrates mat use of 
embodiments of the present invention allows for recombinant MVA virus expressing an 
HIV antigen to hoasi a CDS* T cell immune response primed by a DNA vaccine and also 
eliciting an antibody response. The MVA was found to induce a CD8 + T cell response after 
intradermal, intramuscular or mucosal immunization. Recombinant MVA hv also been 
shown to prime an immune response that is boosted by one or more inoculations nf 
recombinant MVA. 

Non-human primates immunized with plssraid DNA and boosted with the MVA 
were effectively protected against intramucosal challenge with live virus. Advantageously, 
the inventors found that a vaccination regime used intradermal, intramuscular or mucosal 
immunization fbr both prime and boost can be employ™^ nnnsti hiring a general 
immunization regime suitable fbr inducing CDS* T cells and also eliciting an antibody 
response, e.g. in humans. 
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The present invention in various aspects and embodiments employs an MVA vector 
encoding an HIV antigen for boosting a CDS* X cell immune response to the antigen 
primed by previous administration of nucleic acid enooding the antigen and also eliciting an 
antibody response, 

A general aspect of the present invention provides for mr iisn of an MVA vector for 
boosting a CDS' T cell immune response to an HIV antigen and also eliciting an antibody 
response. 

One aspect of the present invention provides a method of boosting a CDS* T ceil 
immune response to an HIV antigen in an individual, and also eliciting an antibody 
response, the method including provision in the individual of en MVA vector including 
nucleic acid encoding the antigen npcmhly Hnlced to regulatory sequences for production of 
antigen in the individual by expression from the nucleic acid, whereby a CD8* T cell 
immune response to the antigen previously primed in the individual is boosted. 

An immune response to an HIV antigen may be primed by immunisation with 
plasmid DNA or by Infection with an infectious agent 

A further aspect of the invention provides a method of inducing a CDS" T cell 
immune response tn An HIV antigen in an individual, and also eliciting an antibody 
response, the method comprising administering to the individual a priming cnmpoRitinn 
comprising nucleic acid encoding the antigen and then administering a boosting 
composition which comprises an MVA vector including nucleic acid encoding the antigen 
operably linked to regulatory sequences for production of antigen in the individual by 
expression from the nucleic acid. 

A further aspect provides for use of an MVA vector, as disclosed, in the 
manufacture of a medicament for administration tn n mammal m hmst a CDfl* T cell 
immune response to an HIV antigen, and also eliciting an antibody response. Such a 
medicament is generally for administration following prior administration of a priming 
composition comprising nucleic acid encoding the antigen. 

The priming composition may comprise any viral vector, such as a vaccinia virus 
vector such as a replication-deficient strain such as modified vaccinia Ankara (MVA) or 
NYVAC (Tflrtaglia r.t al. 1992 Vimb^y 118:2 17-232), an avipox vector such as fowlpox or 
canarypox, e.g. the strain known as ALVAC (Paoletti ei at. 1994 Dev fitot Stand 8Z:f}5-$9), 
or an adenovirus vector or a vesicular stomatitis virus vector or an alphavlrus vector. 
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The priming 'composition may comprise DNA encoding the antieen, such DNA 
preferably being in the form of a circular plasmid that is not capable of replicating in 
mammalian cells. Any selectable marker should not be resistance to an antibiotic used 
clinically, so for example Kanamycin resistance is preferred to Ampicillin resistance. 
Antigen expression should be driven by a promoter which is active in mammalian cells, for 
instance the cytomegalovirus immediate early (CMV IE) promoter, 

In particular embodiments of the various aspects of the present invention, 
administration of a priming composition is fnlJnwrd by boosting with a boosting 
composition, or firsthand second boosting compositions, the first and second boosting 
compositions being the same or different from one another. Still further booatmg 
compositions may be employed without departing from the preeenl invention. In one 
embodiment, a triple immunisation regime employs DNA, then adenovirus as a first 
boosting composition, then MVA as a second boosting composition, optionally followed by 
a further (third) boosting composition or subsequent boosting administration of one or other 
or both of the same or different vectors. Another option is DNA then MVA then 
adenovirus, optionally followed by subsequent boosting administration of one or other or 
bodi of the same or different vectors. 

The antigen to be encoded in respective priming and boosting compositions 
(however many boosting compositions are employed) need not be identical, but should 
chart at least one CDS* T cell epitope. The antigen may cnrrRspond to a complete antigen, 
or a fragment thereof. Peptide epitopes or artificial strings of epitopes may be employed, 
mnrr efficiently cutting out unnecessary protein sequence In the antigen and encoding 
sequence in the vector or vectors. One or more additional epitopes may be included, for 
instance epitopes which are recognized by T helper cells, especially epitopes recognized in 
individuals of different HLA types. 

An HIV antigen of the invention to be cntvnHed by a recombinant MVA virus 
includes polypeptides having immunogenic activity elicited by an amino acid sequence of 
an HIV Env, Gag. Pol, W, Vpr, Tat, Rev, Vpu, or Nef amino acid sequence as at least one 
CDS 4 X crll rpffope. This amino acid sequence substantially corresponds to at least one 10- 
900 amino acid fragment and/or consensus sequence of a known HIV Bnv or Pol; or at least 
one 10-450 amino acid fragment and/or consensus sequence of a known HIV Gag; or at 
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least one W-100 amino aciri fragment and/or consensus sequence of a known HIV Vif; Vpr, 
Tat, Rev, Vpu, or Nef 

Althn. 1B h a full length Bnv precursor sequence is presented for use in the present 
invention, Bnv is optionally deleted of subsequent. For example, regions of the gpl20 
surface and gp41 transmembrane cleavage product* can he deleted. 

Although a full length Gag precursor sequence is presented for use in the present 

invention, Gag is optionally deleted of subsequences. For example, regions of the matrix 

protein (pl7), regions of the Capsid protein ( P 24), region* of the nucleoid protein (p7), 

and regions of p 6 (the C-termlnal peptide of the Gag polyprotein) can be deleted. 

Although a flill length Pol precursor sequence is presented for use in the present 
invention. . Po) is optj^j, deleted of , ub3Kp)en(!rs Por ^ t ^ aa ftf ^ 

protein (pio), regions of the reverse transcriptase protein (p66/p5l), and regions of the 
integrase protein (p32) can bo deleted. 

Such an HIV Env. Gag, or Pol ean have overall identity of «t least 50'/, to a known 
Env, Gag. or Phi protein amino acid sequence, such as 50-99% identity, or any range or 
value therein, while eliciting an immunogenic response against at least one strain of an 
HIV. 

Percent identify can be determined, for example, by comparing ^uence 
information using the GAP comber program, version 6.0, available from the Unlvettfty of 
Wisconsin Genetics Computer Group (UWGCG). The GAP program utiles the alignment 
method of Ncedleman ^ W unsch (/ Mol Biol 1970 48:443), as revised by Smith and 
Waterman (Ad» Appl Math mi 2:482). Briefly, the GAP program defines identity as the 
number of aligned symbols (i.e., nucleotides or amino acids) which are identical, divided 
by the total number of symbols in the shorter of the two sequences. The preferred default 
parameters for the GAP program include: (1) a unitary comparison matrix (containing a 
value of I for identities and 0 for nonentities) to d the weighted comparison matrix of 
Gribskov and Burgess (Nucl Acid, R a 1986 14:6745), as described by Schwartz and 
Dayboff (ed,„ Atlas <tf Protein Sequence ami Structure, National Biomedical Research 
Foundation. Washington, D.C. 1979, pp. 3S3-3SR); (2) a penalty of 3.0 for each gap and an 
additional 0.1 0 penalty for each symbol in each gap; and (3) no pBta lty for end gaps. 

In a preferred embodiment, an Env of the present invention 1* a variant form of at 
least one HIV envelope protein. Preferably, the Env is composed of gpi 20 and the 
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membrane-spanning and ectodomain of gp4l but lacks part or all of the cytoplasmic 
domain of gp41. 

Known HIV sequences are readily available from commercial and institutional HIV 
sequence databases, such as GENBANK, gt as published compilation?, such as" Myers et al 
ed$., Human Retroviruses and AIDS, A ComptlaUon and Analysis of Nucleic Acid and 
Amino Acid Sequences, Vol. T and TT, Theoretical Biology and Biophysics, Los Alamos, N. 
Mex. (1993), or http://hiv-webJanl.govA 

Substitutions or insertions of an HIV Env, Gag, or Pol to obtain an additional HIV 
Env, Gag. or Pot encoded by a nucleic acid for use in a recombinant MVA virus of the 
present invention, can include substitutions or insertions of at least one amino acid residue 
(eg., 1-55 amino acids). Alternatively, at least one amino acid (eg., 1-25 amino acids) can 
be deleted torn an HIV Env, Gag, or Pol sequence. Preferably, such substitutions, 
insertions or deletions are identified based on safety features, expression levels, 
imrmmogenioity and compatibility with high replication rates of MVA. 

Amino acid sequence variations in an HIV £ov, Gag, or Pol of the present invention 
can be prepared e.g., by mutations in the DNA. Such HIV Env, Gag, or Pol include, for 
example, deletions, insertions or substitutions of nucleotides coding for different amino 
acid residues within the amino acid sequence. Obviously, mutations that will be made in 
nucleic acid encoding an HIV Env, Gag, or Pol must not place the sequence out of reading 
frame and preferably will not create complementary domaina that could produce secondary 
mRNA structures. 

HIV Env, Gag, or Pol-encoding nucleic acid of the present invention can also be 
prnn*md by jmplificHtion or site-directed mutagenesis of nucleotides in DNA or RNA 
encoding an HIV Env, Gag, or Pol and thereafter synthesizing or reverse transcribing the 
encoding DNA to produce DNA or RNA encoding an HIV Env, Gag, or Pol, based on the 
teaching and guidance presented herein* 

Recombinant MVA viruses expressing HIV Env, Gag> or Pol of the present 
invention* include a finite set of HIV Env, Gag, or Pol-encoding sequences as substitution 
nucleotide* that can be routinely obtained by one of Ordinary akdl in the Rrt fc without undue 
pxpcrimmtAtinn, bated tin the tcanhings and guidance presented herein. For a detailed 
description of protein chemistry and structure, see Schulz, QM. «/ a/,, 1978 Principles of 
Protein Structure, Springer-VerUg, New York, N.Y., and Creighton, T.E., 1983 Proteins: 
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Structure and Molecular Properties, W, H, Freeman & Co., San Francisco, CA. For a 
presemation of nucleotide sequence substitutions, such as codon preferences, see Aueubel 
9t al. eds. Current Protocols in Molecular ftiolagy, Greene Publishing Assoc.. New York, 
N.Y. 1994 at §§ A.l.l-A.1.24, and Sambrook. J. ei al 1989 Molecular Cloning; A 
Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spiring 
Harbor, N.Y. at Appendices C and D. 

Thud, one of ordinary skill in the art. Riven the teachings and guidance presented 
herein, will know how to substitute other amino acid residues in other positions of an HIV 
wv> gag, or pol DNA or RNA to nhrain alternative HIV Env. Gag, or Pol, including 
substitutional, deletion?) or insertional variants. 

Within the MVA vector, regulatory sequences tor expression of the encoded Antigen 
will include a natural, modified or synthetic poxvirus promoter. By "promoter" is meant a 
sequence of nucleotides from which transcription may be initiated of DNA operably linked 
downstream (i.e. in the 3' direction on the sense strand of double-stranded DNA). 
"Operably linked" means joined as part of the same nucleic acid molecule, suitably 
positioned and oriented for transcription to be initiated from the promoter. DNA operably 
linked to a promoter is "under transcriptional initiation regulation 0 of the promoter. Other 
regulatory sequences including terminator fragments, polyadenylation sequences, marker 
genes and other sequences may be included as appropriate, in accordance with the 
knowledge and practice of the ordinary person skilled in the art: sea, for example, Mose, B. 
(2001). Foxviridae: the viruses and their replication. In Fields Virology, D.M. Knipe, and 
P.M. Howley, eds. (Philadelphia, Lippincntt Williams & Wilkins). pp. 2849-2883. Many 
known techniques and protocols for manipulation of nucleic acid, for example in 
preparation of nucleic ecid constructs, mutagenesis, sequencing, introduction of DNA into 
cells and gene expression, and analysis of proteins, are described in detail in Current 
Protocols in Molecular Biology^ 1998 Ausubol *f al eds, t John Wiley & Sons. 

Promoter* far use in aspects and embodiments of the present invention must be 
compatible with poxvirus expression systems and include natural, modified and synthetic 
sequences. 

Either or both of the priming and boosting compositions may include an adjuvant, 
such as granulocyte macrophage-colony stimulating factor (GM-CSF) or encoding nucleic 
acid therefor. 
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Administration of the boosting composition is generally about ] to 6 months alter 
admirustration of the priming composition, preferably about 1 to 3 months. 

Preferably, administration of priming composition, boosting composition, or both 
priming and boosting compositions! is intradermal, intramuscular or mucosal 
Immunization. 

Administration of MVA vaccines may be achieved by using a needle to inject a 
suspension of the virus. An alternative is the use of a needleless injection device to 
administer a virus suspension (using, e.g., Biojector™ needleless injector) or a resuspended 
freczc-dried powder containing the vaccine, providing for manufacturing individually 
prepared doses that do not need cold storage. This would be a great advantage for a vaccine 
that is needed in rural areas nf Africa. 

MVA is a virus with an excellent safety record in human immunize f inn*. The 
generation of recombinant viruses can be accomplished simply, and they can be 
manufactured reproducibly in large quantities. Intradermal, intramuscular or mucosal 
administration of recombinant MVA virus is therefore highly suitable for prophylactic or 
therapeutic vaccination of humans against AIDS which can be controlled by a CD8* T cell 
response. 

The individual may have AIDS such that delivery nf the antigen and generation of a 
CDS* T cell immune response to the antigen is of benefit or has a therapeutically beneficial 



Most likely, administration will have prophylactic aim to generate an immune 
response against HIV ox AIDS before infection or development of symptoms. 

Components to be HrlmWRtercr! in acennknee with the pre&cnt invention may be 
formulated in pharmaceutical compositions. Thr.se coTnpositinns may comprise a 
pharmaceutically acceptable exdnient, carrier, buffer, stabilizer or other materials well 
known to those skilled in the art Such materials should be non-toxic and should not 
interfere with the efficacy of the active ingredient. The precise nature of the carrier or other 
material may depend on the route of administration, e.g. intravenous, cutaneous or 
subcutaneous, nasal, birramusr.ulnT, intraperitoneal mutes. 

As noted, administration ia preferably intradermal, intramuscular or mucosa). 

Physiological saline solution, dextrose or other saccharide solution or glycols such 
as ethylene glycol, propylene glycol or polyethylene glycol may be Included, 



effect. 
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For intravenous, cutaneous, subcutaneous, intramuscular or mucosal injection, or 
injection at the site of affliction, the active ingredient will be in the form or a parenterally 
acceptable aqueous solution which i* pyrogen-freo and has suitable pH, isotonicity and 
stability. Those of relevant skill in the art are well able to prepare suitable solutions using, 
•for example, isotonic vehicles such as Sodium Chloride Injection, Ringer's Injection, 
Lactated Ringer's Injection. Preservatives, stabilizers, buffers, antioxidants and/or other 
additives may be included as required. 

A slow-rclcasc formulation may be employed. 

Following production of MVA particles and optional formulation of such particles 
into compositions, the particles may be adminisTered to an individual, particularly human or 
other primate. Administration may be to another mammal, e,g. rodent sutfi as mouse, rat or 
hamster, guinea pig, rabbit, sheep, goat, pig, horse, cow, donkey, dog or cat. 

Administration is preferably in a "prophylactically effective amount" or a 
"therapeutically effective amount" (as the case may be, although prophylaxis may be 
considered therapy), this being sufficient to show benefit to the individual. The actual 
amount administered, and rate and time-course of administration, will depend on the nature 
and severity of what Is being treated. Prescription of treatment, e.g. decisions on dos^r. 
etc, is within the responsibility of general practitioners and other medical doctors, or in a 
veterinary context a veterinarian, and typically takes account of the disorder to be treated, 
the condition of the individual patient, the site of delivery, the method or administration 
and other faction; lmnwn to practitioners. Examples of the techniques and protocols 
mentioned above can be found in Remington's Pharmaceutical Sciences, 16th edition, 
1980, OsOl,A. (ed,). 

In one preferred reftimen, DNA is administered at a dose of 250 u.g to 2.5 
mg/injection, followed by MVA at a dose of 10* to 10* infectious virus particles/injection. 

A composition may be administered alone or in combination with other treatments, 
either simultaneously nr sequentially dependent upon the condition to be treated- 

Delivery to a non-human mammal need not be far a therapeutic purpose, but may be 
for use in an experimental context, for instance in investigation of mer.haniKms of immune 
responses to an antigen of interest, e.g. protection against HIV or AIDS. 

Further aspects and embodiments of the present invention will be apparent to those 



of ordinary skill in the art, in view of the above disclosure and following experimental 

-22- 



PAGE 27/116* 



RCVD AT 7/18/2006 3:22:44 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/1 1 DNIS:2738300 ' CSID:212 588 0500 ' DURATION (mm-ss):32-04 



07/18/2006 15:23 FAX 212 588 0500 



FROMMER LAWRENCE 



©028/1 16 



WO 02/072754 PCT/US02/06713 

exemplification, included by way of illustration end not limitation, and with reference to 
the attached figures. 

Contm) nf h Mucosal Challenge and Prevention of AIDS by a Multiprotein DNA/MVA 

Vaccine 

Here we tested DNA priming and poxvirus boosting for the ability to protect against 
a highly pathogenic mucosal challenge. The 89,6 chimera of simian and human 
immunodeficiency viruses (SHIV-89.6) was used for the conviction of immunogens and 
ita highly pathogenic derivative, SHIY^89,6P, for challenge {GB. Karlswn et al. 1997 J 
Virol 71:4218). SHIV-fi9.6 unrt SHIV-89.6P do nor generate cross-neutralizing antibody 
(D.C... Montefiori et al 1998 / Virol 72:3427) and allowed us to address the ability of 
vaccine-raised T cells and non-neutralizing antibodies to control an immunodeficieney 
virus challenge. Modified vaccinia Ankara (MVA) was used for the construct™ of the 
recombinant poxvirus. MVA has been highly effective at hocking. DNA-primed CDS T 
cells and enjoys the safety feature of not replicating efficiently In human or monkey cells 
(HJL Robinson et al. 2000 AIDS Reviews 2:103). 

To ensure a broad immune response both the DNA and recombinant MVA (rMVA) 
components of ihe vaccine expressed multiple immunodeficiency virus proteins. The DNA 
prime (DNA/89,6) expressed simian immunodefioiency virus (SIV) Gag, Pol, Vit; Vpx, and 
Vpr and human immunodeficiency virus- 1 (HIV-1) Env, Tat, and Rev tarn a single 
transcript |RJ. Gorelick et al 1999 Virology 253:259; M.M. Sauter et al 1 996 J Cell Biol 
132795). 

Molftailarly cloned SHIV-89.6 sequences were cloned into the vector pGA2 using 
ClaJ and RsrJI sites. This cloning deleted both long terminal repeats (LTRs) and nef. The 
SHIV-69.6 sequences also were internally mutated for & 12-basc pair region encoding the 
first four amino acida of the second zinc finger in nueleocapsid. This mutation renders 
SHIV viruses noninfectious (R.J. Gorelick et al 1999 Virology 253:259). A mutation in 
gp4l converted the tyrosine fit pnsition 710 to cysteine to achieve better expression of Eny 
on the plasma membrane nf DNA-expressing cells (M.M. Sautcr et ai 1996 J Cell Biol 
132:795). pGA2 uses *e CMV immediate early promoter without intron A and the bovine 
growth hormone polyadenylation sequence to express vaccine inserts. Vaccine DNA was 
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produced by Althea (San Diego, CA). In transient transactions of 293T cells, DN A/89.6 
produced about 300 ng of Gag and B5 ng of Env per 1x10° cells. 

The rMVA booster (MV A/89.6) expressed SIV Gag, Pol, ard HIV-1 Env under the 
control of vaccinia virus carly/tatc promoters. 

The MVA double recombinant virus expressed bath the HIV 89.6 Env and the SlV 
239 Gag-Pol, which were Inserted into deletion n and deletion III of MVA, respectively. 
The 89.6 Env protein WW truncated for Qie COOH-terminal 1 15 amino acids of gp41. The 
modified H5 promoter controlled the expression of both foreign genes. 

Vaccination wbb accomplished by priming with DNA at 0 and 8 weeks and boosting 
with rMVA at 24 weeks (Fig. I A), 

J.rl. and \ t jr\> DNA iTnmiimTtfirm* were delivered in phosphate-buffered saline 
(PBS) with a needleless jet injector (Biojact, Portland, OR) to deliver five i.d. 100-ul 
injections to each outer thigh for the 2.5-mg dose of DNA or one i.d. 100-jil injection to the 
right outer thigh for the 250-u-g dose of plasmid. Lm. deliveries of DNA were done with 
one C.S-ml injection of DNA in PBS to each outer thigh for the 2.5-mg dose end one 100-jil 
injection to the right outer thigh for the 250-ug dose, IxlO 8 pfu of MVA/89.6 was 
administered hnth i.d. awl i.m. with a tiemUc. One 1 00-|iI dose was delivered to each outer 
thigh for the i.d dose and one 300-ul dose to each outer thigh for the i.m dose. Control 
animals received 2.5 mg of the pGA2 vector without vaccine insert with the Bioject device 
to deliver five 100-jiJ doses i.d. to each outer thigh. The control MVA booster 
immunization conaisted of 2x10* pfu of MVA without an insert delivered i.d. and Lm. as 
described fbrMVA/89.6. 

Four groups of six rhexu* macaques wv.K wrrr. primed with cither 2.5 mg (high- 
dose) or 250 }Jg (low-dosn) of DNA by intradermal (i.d.) or intramuscular (Lm.) routes 
using a needleless Jet Injection device (Bioject, Portland, OR) (T,M. Allen et al 2000 J 
Immunol 164:4965). 

Young adult rhesus macaques from the Verkee breeding oolony were cared for 
uoder guidelines established by the Animal Welfare Act and the NIH "Guide for the Care 
and Use of Laboratory Animals" with protocol* approved hy thr? Errwry Univnrsily 
Institutional Animal Care and Use Commit Macaqur* were typed for the Mamu*A*0l 
allele with polymerase chain reaction (PCR) analyses (M.A. Egan et a!. 2000 / Virol 
74:7485; I. Ounnanov et al 2000 / Virol 74:2740). Two or mOT« animals containing at 
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least <mjoMamu*A*OJ allele were assigned to each group. Animal numbers are as follows; 
1. MM*; 2, RIn>5*; 3, RQf-J*; 4, Rze-5; 5, ROm-J; 5, RDm-5; 7, RAj-5*; 8, RJi-5*; 9, 
RAM*; 10, WDe-5*; 11, RAK5; 12, RPr-5; 13, RKw-4*; 14, RWa-5»; 15, RGo-5; 16. 
RLp-4; 17, RWd-G; IS, RAt-5; 19, RPb-5*; 20, RIi-5»; 21, RJq-5; 22, RSp-4; 23, RSn-J; 
24, RGd-6; 25, RMb-5*; 26, RGy-5*; 27, RUs-4; and ?8, RPm-5. Animals wlih the -4+0/ 
allele are indicated with asterisks. 

Gene pin deliveries of DNA were not used because these had primed non- 
protectivn immune responses in a 1996 - 9S trial (K-L, Robinson $t al 1959 Nat Med 
5:526). The MVA/8P.6 booster immunization (2x10" plaque-forming units, pfu) was 
injected with a needle both i,d, and i.m. A control *roup included two mock immunized 
animate and two naive animals. The challenge was given nt 7 months after the rMVA 
booster to test for the generation of long-tcrm immunity. Because most HIV- 1 infections 
are transmitted across mucosal surfaces, an intrarectal challenge was administered. 

DNA priming followed by rMVA boosting generated high frequencies of vims- 
specific T cells that peaked at one week following the rMVA booster (Fig: 1). The 
frequencies of T cells recognizing the Gag-CM9 epitope were assessed by means of Mara u- 
A*01 tetrpmers, and the frequencies of T cells recognizing epitopes throughout Gag were 
assessed with pools of overlapping peptides and an enzyme-linked inununospot (ELISPOT) 
assay (C. A. Power ef al 1 999 J Immunol Methods 227:99). 

For tetramer analyses, about 1x10 s peripheral blood mononuclear cells (PBMC) 
were surface-stained with antibodies to CD3 conjugated to fluorescein isothiocyanate 
(FITC) (FN-18; Biosource International, Cemarillo, CA), CD 8 conjugated to peridinin 
cblorophyl protein (PerCP) (SKI; Becton Dickinson, San Jose, CA), and Oag-CM9 
(CTPYT>INQM)-Afom«-i4*W tetramer (REQ ID NO: 6) conjugated to allophycocyanln 
(APC), in a volume of 100 uj at 8° to 10*C for 30 rain. Cells were washed twice with cold 
PBS containing 2% fetal bovine serum (FBS), fixed with 1% paraformaldehyde in PBS, 
and analyzed within 24 hrs on a FACScaiiber (Becton Dickinson, San Jose, CA). Cells 
were initially gated on lymphocyte populations with forward scatter and side scatter and 
then on CD3 cells. The CD3 cells were then analyzed for CDR find tetramer-binding cells. 
About 150,000 lymphocytes were acquired for each sample, Data were analyzed using 
Flo Jo software (Tree Star, San Carlos, CA). 
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For interferon-y (IFN-y) EUSPOTs, MULTISCREEN 96 well filtration plates 
(Milhpore Inc, Bedford, MA) were coated overnight with antibody to human fFN-v (Clone 
B27, Pharrningcru San Diego. CA) at a concentration of 2 ug/ml in sodium bicarbonate 
buffer (pH 9.6) at 8° to 1Q°C. Plate were washed two times with RPMI medium and then 
blocked for 1 hour with complete medium (RPMT containing 10% FBS) At 37 B C, Plate* 
were washed five more times with plain RPMI medium, and cells were seeded in duplicate 
in 100 ul complete medium at numbers ranging from 2x10* to 5x10 s cells per well. Peptide 
pools were added to each well to a final concentration of 2 ug/ml of each peptide In a 
volume of 100 uJ m complete medium. Cells were cultured at 37°C for about 36 hrs under 
5% CO a . Plates were washed six times with wash buffer (PBS with 0.05% Twcen-20) and 
then incubated with I u.g of biotinylafrrt nnribnny tn human IFN-y per milliliter (clone 7- 
86-1; Diapharrna Group, West Chester, OH) diluted in wash buffer containing 2% FBS. 
Plates were incubated for 2 hrs at 37°C and washed six times with wash buffer. Avldin- 
horscradiah peroxidase (Vector Laboratories, Buriingaine, CA) was added to each well and 
incuhated for 30 to 60 min at 37°C, Plates were washed six times with wash buffer and 
spots were developed using stable DAB as substrate (Research Genetics, Huntsville, AL). 
SpOU wens counted with a stereo dissecting micmRcnpe. An ovalbumin peptide 
. (SIINFEKL) (S£Q ID NO: 7) was included as a control in each analysis Bankgrnund spots 
for the ovalbumin peptide were generally <5 for 5x10* PBMCs. This background when 
normalized for 1x10° PBMC was <10- Only ELISPOT counts of twice the background 
(>20) were considered significant The frequencies of BLISPOTs are approximate because 
different dilution* of cells have different efficiencies of spot formation b the absence of 
feeder cells (CA. Power ef al 1999 J Immunol MrJhnds 111: 99). The same dilution of 
cells was used for all animals at a given time point, but different" dilutions were used tn 
detect memory and acute responses. 

Gag-CM9 tetramer analyses were restricted to macaques that expressed the Aftunu- 
A*Ql histocompatibility type, whereas ELISPOT responses did not depend on a specific 
histocompatibility type. As expected, the DNA immunizations raised low levels of 
memory cells that expanded lo high frequencins within 1. week of the tMVA booster (Fig, 1 
and 6). lnAf#MU*A*01 macaques, CDS cells specific to the Gag-CM9 epitope expanded to 
frequencies as high as 19% of total CDS T cells (Pig. 6). This peak of specific cells 
underwent a 10- to 100-fold contraction Into the DNA/MVA memory pool (Fig, 1A and 6). 
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ELISPQTs for three pools of Gag peptides also underwent a major expansion (frequencies 
up to 4000 spots for lxl 0* PBMC) before contracting from 5- to 20-fo)d into the 
DNA/MVA memory response (Fig. IB). The frequencies of ELISPOTa were the same in 
macaques with and without ±gA*01 histocompatibility type (P>0.2). 

Simple linear regression was used to estimate correlations between poslbooster and. 
postchallenge ELtSFOT responses, between memory and posichallenge EUSPOT 
responses, and between logarithmically transformed viral loads and ELISPOT frequencies. 
Comparisons between vaccine and control groups and A*0J and non A*Q1 macaques wore 
performed by means of two-sample t testa with logarithmically transformed \Hra1 load and 
EILSPOT responses. Two-way analyses of variance were used to examine the effect* of 
dose and route of administration on peak DNA/MVA ELISPOTs, nn mrmnry DNA/MVA 
BLISPOTs, and on logarithmically transformed Gag antibody data. 

At both peak and memory phases of the vaccine response, the rank order for the 
height of the ELISPOTs in the vaccine groups was 2.5 rag i.d. > 2.5 mg i.m. > 250 ug i.d. > 
250 jig i-m. (Fi£. IB). The IFN-y ELISPOTs included both CD4 and CDS cells. Gag- 
CM9-specLfic CD8 cells had good lytic activity after restimulatioti with peptide. 

The highly pathogenic SHIV'89.6P challenge was administered intrarectal I y at 7 
months after the rMVA booster, when vaccine-raised T cells were m memory (Fig. 1). 

The challenge stock (57 x 10 9 copies of viral RNA per milliliter) was produced by 
one intravenous followed by one intrarectal passage in rhesus macaques of the original 
SHJV-S9,fiP stock (GB. Karlsson et al 1997 J Virol 71:4218). Lymphoid cells were 
harvested from the intrarcctally infected animal at peak vircmia. CD3-dcplctcd, and 
mitogen-stimulated for stock production. Before intrarectal challenge, fasted arurnfUs were 
anesthetized (kecamine, 10 mgflcg) and placed on their stomach with the pelvic region 
slightly elevated. A feeding tube (8Fr (2,7 mm) x 16 inches (41 cm); Sherwood Medical, 
St. Louis, MO) was inserted into the rectum for a distance of 15 to 20 cm. Following 
Insertion of the feeding tube, a syringe containing 20 intrarectal infectious doses in 2 ml of 
RPMI-1640 plus 10% PBS was attached to the tube and the inoculum was slowly injected 
into the rectum. After delivery of the inoculum, the feeding tube was flushed with 3.0 ml 
of RPMI without PBS and then slowly withdrawn. Animals were left in place, with pelvic 
regions slightly elevated, for a period often minutes after the challenge. 
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The challenge infected all of the vaccinated and control animals (Fig, 2). However, 
by 2 weeka after challenge, titers of plasma viral RNA were at least 10-fold lower in the 
vaccine groups (geometric means of 1x10* to 5x10*) than in the control animals (geometric 
mean of 4x10") (Fig. 2 A) (S. Staprans tt al in: Viral Genome Methods K. Adolph, ed. 
CRC PTejo, flnca Raton, FL> 1996 pp. 167-184; R. Hofinann-Lchraann tt al. 2000 AIDS 
Res Hum Retroviruses 16:1247). 

For the determination of SHTV copy number, viral RNA from 150 ul of ACD 
anticoagulated plasma was directly extracted with the QIAamp Viral RNA kit (Qiagen), 
eluted in 60 ul of AVE buffer, and frozen at -80°C until SHTV RNA quantitation was 
performed. Five microliters of purified plasma RNA was reverse-transcribed in a final 20- 
ul volume containing 50 mM KC3, 10 mM Tria-HCl (pH 8.3), 4 mM MgClj, 1 mM each 
draxynuclcntide triphosphate (rlNTP), 2,5 uM random hexamers, 20 units MultiScrihe RT, 
and 8 units ribonuclease inhibitor. Reactions were Incubated at 7¥C for 10 min, followed 
by incubation at 42°C for 20 mio, and inactivation of reverse transcriptase at 99 6 Q for J 
min. Tbe reaction mix was adjusted to a final volume of 50 ul containing 50 mM KC1, 10 
mM Tris-HCl (pH 8.3), 4 mM MgClj, 0.4 mM each dNTP, 0,2 uM forward primer, 0.2 uM 
reverse primer, 0.1 uM probe, and 5 units AmpHTaq Gold DNA polymerase (all reagents 
from PerfcinElmrr Applied BiasvatemA, Fnstor City, CA). The primer sequences within a 
conserved portion of the STV gag gene are the same as those described previously (S. 
Siaprans &L In: Viral Genome Methods *L Adolph, ed. CRC Press, Boca Raton, FL, 1996 
pp. 167-184). A PerkinEImer Applied Biosy stems 7700 Sequence Detection System was 
used with the PCR profile: 95°C for 10 min, followed by 40 cyoles at 93°C for 30 s, and 
. i 59.. < ) fl C for 1 mm, PCR product accumulation was monitored with the 7700 sequence 

detentor and a pmhe fcn an internal conserved gag gene sequenrx: 6FAM- 

CTGTCTGCGTCATTTGGTGC-Tamra (SEQ ID NO: 8), where FAM and Tamra denote 
the reporter and quencher dyes. SHIV RNA copy number was determined by comparison 
with an external standard curve consisting of virion-derived SIVmac239 RNA quantified 
by the SIV bDNA method (Bayer Diagnostics, Emeryville, CA), All specimens were 
extracted and amplified in duplicate* with the mean result reported. With a 0.1 5 -ml plasma 
input, the assay ha* a sensitivity of 1Q 3 RNA copies per milliliter of plasma and a linear 
dynamic range of 10 3 to 10" RNA copies (R* = 0.993). The intraassay coefficient of 
variation was <20% for samples containing >10 - SHIV RNA copies per milliliter, and 
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<25% for samples containing 10 1 to IQ 4 SHIV RNA copies per raUlililer. To more 
accurately quantitate low SHIV RNA copy number in vaccinated animala at weeka 16 and 
20» we made the fo Jewing modifications to increase the sensitivity of the SHIV RNA 
assay; (i) Virions from <1 ml of plasma were concentrated by centrifugation at 23,000g al 
10°C for 150 min before viral RNA extranrinn, and (ii) a rme-step reversr transcriptase PCR. 
method wa* used (R- Hcftnann-Lehmann et al. 2000 AIDS Res Hum Retroviruses 16:1247). 
Tbese changes provided a. reliable quantification limit of 300 SHIV RNA copies per 
milliliter, and gave SHIV RNA values that were highly correlated to those obtained by the 
first method used (r = 0.91, P<0.Q001). 

By 8 weeks after challenge, both high-dose DNA-primcd groups and the low-dose 

i\rl. DNA-prirnerl group had reduced their geometric mean Innds tn about 1000 copies nf 
viral RNA per milliliter. At this rime, the low-dose i.m. DNA-primcd group had a 
geometric mean of fixtO 3 copies of viral RNA and the nonvaccinated controls had a 
geometric mean of 2 x 10*. By 20 weeks after challenge, even the low-dose i.m. group had 
reduced its geometric mean copies of viral RNA to 1000. Among the 24 vaccinated 
animals, only one animal, animal number 22 in the low-dose Lnt group, had intermittent 
viral loads above W.10 1 copies per milliliter (Fig 2D). 

By 5 weeks after challenge, all of the non vaccinated controls had undergone a 
profound depletion of CDd cells (Fig 2B). All of the vaccinated animals maintained their 
CD4 cells, with the exception of animal 22 in the low dose i.m. group (see above), which 
underwent a slow CD4 decline (Fig, 2B). By 23 weeks after challenge, three of the four 
control animals had succumbed to AIDS (Fig. 2C). These animals had variable degrees of 

enterocolitis with diarrhea, rrypfnsporidinsis, cnlinyxriruc, pnterin nyrrnpylnhactar infection, 
splenomegaly, lymphadcnopathy, and SlV-assaciated giant cell pneumonia. In contrast, all 
24 vaccinated animal & maintained their health. 

Containment of the viral challenge was associated with a burst of antiviral T cells 
(Fig. I and 3A), At one week after challenge, the frequency of tetramef cells in the 
peripheral blood had decreased, potentially reflecting the recruitment of specific T cells to 
the site of infection (Fig. 3 A). However, by two weeks after challenge, tetramer* cells in 
the peripheral hlnnri had expanded to frequencies as high as or higher than, after the rMVA 
booster (Pig. 1 and 3A). The majority of the tetramer 4 " cells produced TFN-y in response to 
a 6-hour peptide stimulation (Fig. 3B) (S,L, Waldrop et al. 1997 J din Invest 99:1739) and 
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did not have the "stunned" IFN-y negative phenotype sometimes observed in viral 
infections (F. Lcchner et aL 2000 J Exp Med 191:1499). 

For Intracellular cytoVtrr aswys, aboui 1x10^ PBMC were stimulated for 1 hour at 
37*C in 5 ml polypropylene tubes with 100 |ig of Oag-CM9 peptide (CTPYDINQM) (SEQ 
ID NO: 6) per milliliter in a volume of 100 |tl RPMI containing 0.1% bovine serum 
albumin (BSA) and 1 u£ of antibody to human CD28 and 1 ug of antibody to human 
CD49d (Pharraingen, San Diego, CA) per milliliter. Then, 900 ul of RPMI containing 10% 
FBS and monensin (10 ug/ml) was added, and the cells were cultured for an additional 5 
hrs at 37°C at an angle: nf 5° under 5% COj. Cells were surface stained with antibodies to 
CD8 conjugated to PerCP (done SKI , Becfon Dickinson) at 8° to 10°C for 30 min. washed 
twice with cold PBS containing 2% FBS, and fixed and permcabilizwi with 
Cytofix/Cytoperm solution (pharmingen). Cells were then incubated with antibodies to 
human CD3 (clone FN-1 8; Biosource International, Caraarillo, CA) and IFN-y (Clone B27; 
Pharmingen) conjugated to FITC and phyooerythrin, respectively, in Perm wash solution 
(Phanningen) for 30 min at 4*C. Cells were washed twice with Perm wash, once with plain 
PBS, and resuspended in 1% paraformaldehyde in PBS. About 150,000 lymphocyte* were 
acquired on the FACScaliber and analyzed with FloJo software. 

The postchallenge burnt of T cells contracted concomitant with the decline of the 
viral load. By 12 weeks after challenge, vintf-specific T cells were present at about one- 
tenth of their peak height (Fig$, 1A and 3A). In contrast to the vigorous secondary 
response in the vaccinated animals, the naive animals mounted a modest primary response 
(Fig. IB and 3A). Tetramer* cells peaked at less than 1% of total CD8 cells (Fig. 3A). and 
IFN-y-producing EUSPOTs were present at a mean frequency of about 300 as apposed to 
the much higher frequencies of 1000 to $000 in the vaccine groups (Fig. IB) (P«0-05). 

The tetramer* celle in the control group, like those in the vaccine group, produced 
IFN-y after peptide stimulation (Fig. 3B). By 12 weeks after ohallenge, three of the four 
controls had nnjlfitaiahle levels of IFN-Y-producing ELISPOTs. This rapid loss of 
antiviral T cells in the presence of high viral loads may reflect the lack of CD4 help. 

T cell proliferative responses demonstrated that virus-specific CD4 cells had 
survived the challenge and were available to support the antiviral immune response (Fig. 



3C). 
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About 0.2 million PBMC were stimulated in triplicate for 5 days with the indicated 
antigen in 200 \xl of RPMI at 37 fl C under 5% CO t . Supematajirs from 293T cells 
transfected with DNA expressing either SHTV-89.6 Gag and Pol or SHP/-89.6 Gag, Pel 
and Pnv we used directly as antigens (final concentration of -0,5 ug of p27 Gag per 
milliliter). Supematanw from mock DNA (vector aJone>tansfeoted oells served as 
negative controls. On day six, cells were pulsed with 1 jiCi of tritiatcd thymidine per wrJl 
for 16 to 20 hours. Cells were harvested with an automated cell harvester (TOMTEC, 
Harvester 96, Model 101O. Harnden, CT) and cmmtrrl with a Wallac 1450 MICROBE! A 
Scintillation counter (Oaithcrshurg, M.D). Stimulation indices are the counts of tritiated 
thymidine incnrpn™tcd in PBMC stimulated with 89.6 antigens divided by the counts of 
trMntwt thymidine incorporated by the same PBMC stimulated with mock antigen. 

At 12 weeks after challenge, mean stimulation indices for Gag-Pol-Env or Gag-Pol 
proteins ranged from 35 to 14 in the vaccine groups but were undetectahle in the control 
group. Consistent with the proliferation assay*, intracellular cytokine assays demonstrated 
the presence of vims-specific CD4 cells in vaccinated but not control animals. The overall 
rank nrrira- of the vaccine groups for the magnitude of the proliferative response was 2.5 mg 
i.d. > 2.5 mg i.m. > 230 fig i,d. "> 250 ug i.rru 

At 12 weeks after challenge, lymph nodes from the vaccinated animals were 
morphologically intact and responding to the infection, whereas those from the infected 
controls had been functionally destroyed (Fig. 4). Nndes from vaccinated animals 
contained large numbers of reactive secondary follicles with expanded germinat centers and 
discrete dpHc and light zones (Fig. 4A), By conrrast, lymph nodes from the non-vaooineted 
control animals showed follicular and paracortical depletion (Fig. 4B), while those from 
imvaccinated and unchallenged animals displayed normal numbers of minimally reactive 
germinal centers (Fig. 4C). Germinal centers occupied < 0-05% of total lymph node area in 
the infected controls, 2% of the lymph node area in the uninfected controls, and up to 18% 
of the lymph node area in the vaccinated groups (Fig. 4D), More vigorous immune 
reactivity in the low-dose than the high-dose DNA-prlmed animals was suggested by more 
extensive germinal centers In the low dose group (Fig. 4D). At 12 weeks after challenge, in 
siru hybridization for viral FJNA revealed rare virus-expressing cells in lymph nodes from 3 
of the 24 vaccinated macaques, whereas virus-expressing cells were readily detected in 
lymph nodes from each of the infected control animals. In the cnnimls, which had 

-31- 



PAGE 36/116 ' RCVD AT 711812006 3:22:44 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/1 ' DNIS:2738300 1 CSID:212 588 OSOO * DURATION (miMS):3244 



07/18/2006 15:26 FAX 212 588 0500 



FROMMER LAWRENCE 



@ 037/116 



WO 02/072754 PCT/US02/0G713 

undergone a proftiund depletion in CD4 T cells, the cytoznorphology of Infected lymph 
node cells was consistent with a macrophage phenotype. 

The prims/boost strategy raised low levels of antibody to Gag and undetectable 
levels of antibody to Env (Fir. 5). Postchallen&e, antibodies to both Env end Gag 
underwent anamnestic responses with total Gag antibody reaching heights approaching 1 
mg/ml ami total Env antibody reaching heights of up to 100 u.g/ml, 

Enzyme-linked Immunosorbent assays (ELTSAs) for total antibody to Gag used 
bacteriaJly produced SlV gag p27 to coat wells (2 |ig per milliliter in bicarbonate buffer). 
ELISAe for antibody to Env antibody used 89.6 Env produced in transiently transfeoted 
293T cells and captured with sheep entibody against Env (catalog number 6205; 
Internationa] Enzymes. Fairbrook CA). Standard curves for Gag and Env ELlSAs were 
produced with serum from a SHIV-89.6-infcctod macaque with known amounts of 
immunoglobulin G (JgO) specific for Gag or Env. Bound antibody was detected with 
peruxidase-conjugatcd goat antibody to macaque IgG (catalog # YNGMOIGGFCP; 
Accurate Chemical, Westbury, NY) and TMB substrate (Catalog # T3405; Sigma, St 
Louis, MO). Sera were assayed at threefold dilutions in duplicate wells. Dilutions of test 
aero were performed in whey buffer (4% whey and 0.1% tween 20 in IX PBS). Blocking 
buffer consisted of whey buffer plus 0.5% nonfat dry milk. Reactions were stopped with 
2M K 2 S0 4 and the optical density read at 450 nm. Standard curves were fitted and sample 
concemraxlons were interpolated as ug of antibody per ml of serum using SOFTmax 2.3 
software (Molecular Devices^ Sunnyvale, CA). 

By 2 weeks after challenge, neutralizing antibodies for the 89.6 immunogen, but not 
the SHIV-89.6P challenge, were present in the high-dose DNA-primed groups (geometric 
mean titers of 352 in the i.d r and 303 in the i.m, group*) (Fig, 5Q (D.C. Mnmefinn p.t al 
1988 J Clin Microbiol 26:23t), By 5 weeks after challenge, neutralizing anribody ro 89.6P 
had been generated (geometric mean titers of 200 In the high-dose \A, and 126 in the high- 
dose Lin* group) (Fig. 5D) and neutralizing antibody to 89,6 had started to decline. By 16 to 
20 weeks after challenge, antibodies to Gag and Env had fallen in most animals. 

Our results demonstrate that a multiprotein DNA/MVA vaccine can raise a memory 
immune response capable of controlling a highly virulent mucosal immune deficiency virus 
challenge. Our levels of viral control were more favorable than have been achieved using 
only DNA (M.A. Egan f* aL 2000 J Viral 74:7485) or tMVA vaccines (I. Ourmanov et al 
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?000 J Virol 74;2740) and were comparable to those obtained fbr DNa immunizations 

adjuvanted with inlerleukin-2 (D.H. Barouch $t ai 2000 Science 290:486). All of these 
previous studies have used more than three vaccine inoculations, none have used mucosal 
challenges, and most have challenged at peak effeotor responses and not allowed a 
prolonged post vaccination period to teat for "Ions tarn" efficacy. 

The dose of DNA hod statistically significant effects on both eclhiUr and humoral 
responses (P<0.05), whereas the route of DNA administration affected only humoral 
responses. Intradermal DNA delivery was about 10 times more effective than ijn. 
inoculation* for generating antibody to Gag (P = 0.02). Neither route nor dose of DNA 
appeared to have a significant effect on protection. At 20 weeks after challenge, the high- 
dose DNA-primed animals had slightly lower geometric mean levels of viral RNA (7xl0 7 
and SxtO 3 ) than the low-dose DNA-primed animals (9xl0 2 and lxlO 3 ), 

The DNA/MVA vaccine controlled the infection,, rapidly reducing viral loads to 
near or below 1000 copies of viral RNA per milliliter of blood. Containment, rather than 
prevention of infection, affords the opportunity to establish a chronic infection (H,L. 
Robinson et al, 1999 Nat Med 5:526). By rapidly reducing viral loads, a muUiprotein 
DNA/MVA vaccine will extend the prospect for long-term non-progression and limit HTV 
transmission. (J.W. Mcllors et al 1996 Science 272:1 167; T,C. Qumn e/ til 2000 NBn^l J 
Med 342:921). 

EXAMPLE 2 

MVA Expressing Modified HIV Env t Gag, and Pol Genes 
This disclosure describee the construction of a modified vaccinia Ankara (MVA) 
recombinant vims, MVA/HIV clade B recombinant virus expressing the HIV strain ADA 
env and the HXB2 gag pol (MVA/HIV ADA env + HXB2 gag pol). Fnr amplification, the 
lab name of MVA/HIV 48 will be used, which denotes (he plasmid from which the 
construct comes. 

The HIV gag-pol genes were derived from the Clade B infectious HXB2 virus. The 
gag-pot gene was trunoated so that most of the integraee coding sequences were removed 
and amino acids 185, 266, and 478 were mutated to inactivate reverse transcriptase, inhibit 
strand transfer activity, and inhibit the RNaseH activity, respectively. The Cladc B CCR5 
tropic envelope gene was derived from the primary ADA isolate; TTTTTNT sequences 
were mutated without changing ending capacity to prevent premature transcription 
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termination and the cytoplasmic tail was truncated in order to improve surface expression, 
immunogeniciiy, and stability of the MVA vector. The HIV genes were inserted into a 
plasmid transfer vector so thai gag-pol gene was regulated by trip modifirri H5 early/late 
vaccinia virus promoter and the env gene was regulated by the newly designed early/late 
Payn II promoter to provide similar high levels of expression. A self-deleting GUS reporter 
gene was included to allow detection and isolation of the recombinant vims. The HIV 
gemes were flanked by MVA sequences to allow homologous recombination into tha 
deletion 3 site so that the recombinant MVA would remain TK positive for stability and 
high expression in resting cells. The recombinant MVA was isolated and shown tn Rxjirea* 
abundant amounts of gag-pol-env and to process gag. Production of HIV-like panicles was 
demonstrated by centrifugation and by electron microscopy. The presence of env in the 
HIV-like particles was demonstrated by immunoelectron microscopy. 



Table of Sequences 



Description 


SEQ ID NO 


FIG. NO 


pLW-48 


1 


A 


pLW-45 


1 


B 


Psytj II promoter 


2 


B 


ADA envelope truncated 


3 


B 


PmH5 promoter 


4 


B 




5 


B 



Piasmid Transfer Vector 

The plaemid transfer vector used to make the MVA recombinant virus, pLW-48, 
(Figure C) by homologous recombination was constructed as foil owe: 

1. From the commercially obtained piasmid, pGem-4Z (Promega), flanking areas on 
either side of deletion HI. designated flank 1 and flank 2, containing 926 and 520 base pairs 
respectively, were amplifier! hy PGR frnm *he MVA stains of vaccinia vims. Within these 
flanks, a promoter, the rnH5, which hail been modified from the originally published 
sequence by changing two bases that had been shown by previously published work to 
increase the expression of the cloned gene, was added. 
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2. A clade B gag pol (Figure D) was truncated so that the integrase was removed 

< 

and was cloned into the plasmid so that it was controlled by the mH5 promoter. This gene 
contained the complete HXB2 sequence of the gag, The pol gene has reverse transcriptase 
safety mutations in amino acid 18.1 within the active site of RT, in amino acid 266 which 
inhibits strand transfer activity, and at amino acid 478 which inhibits the RNascH activity. 
In addition, the integrase gene wa« deleted past ficoRJslte. 

3. A direct repeat of 280 basepstirs, corresponding to the last 280 base pairs or MVA 

flank 1. was added after flank 1 . 

4. The pll promoter and GUS reporter gene were added between the two direct 
repeats of flank I so that this screening marker could initially be used For obtaining the 
recombinant virus, yet deleted out in the final rrcnmhinant vims (3eheiflinger k F. et al. 
1998 Arch Virol 143:467-474; Carroll, M,W, and B. Moss 1995 BinTechmquas J9:352- 

355). 

5. A new promoter, Payn II, was deeigned to allow for increased expression of the 
ADA env. The sequence of this new early/late promoter is given in Figure E. 

6. A truncated version of the ADA envelope with a ailcnt 5TNT mutation was 
obtained by PCR and inserted in the plasmid under the control of the Psyn H promoter. 
The envelope was truncated in the cytoplasmic tail of the gp41 gene, deleting 115 amino 
acids of the cytoplasmic tail. This truncation was shown to Increase the amount of 
envelope protein on the surface of infected cells and enhance inunuriogeniclry of the 
envrlopR protein in mice, and stability of the recombinant virus in tissue culture- 

RecDmhln^T WA construction 

1, MVA virus, which may be obtained from ATCC Number VR-1508. wee plaque 
purified three times by terminal dilutions in chicken embryn fihmhlasta (CEF),which were 
made from 9 day old SPF Premium SPAFAS fertile chicken eggs, distributed by B and E 
Eggs, Stevens, PA, 

2, Secondary CBF cella were infected at an MOI of 0.05 of MVA and transfected 
with 2 jig of pLW-48, the plasmid described above. Following a. two day incubation at 
37°C, the virus was harvesred, frozen and thawed 3*, and plated out on CEF plates, 

3, At 4 days, those rod of infection that stained blue after addition of X-jluc 
substrate, indicating that recombination had occurred between the plasmid and the infecting 
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vims were picked and inoculated on CEF pbw. Again, those Foci that stained blue were 
picked. 

4. These GUS containing foci were plated out in triplicate and analysed for GUS 
staining (which we wantri to now delete) and ADA envelope expression. Individual fcoi 
were picked from the 3rd replicate plates of those sample* that had about equal numhe* of 
mixed populations of OUS staining and nonataimng ftol as well as mostly envelope 
staining foci. 

5. These foci were again plated out in triplicate and analyzed the same way. After 
5 passages, a vims was derived which expressed the envelope protein but which had deleted 
the GUS gene because nf the double repeat. By immunostainmg, this virus also expressed 
the g&Bpol protein. 

™,r»A tfri M Tion ofMVA Recombinant Vitua. MVA/HTV48 

1. Aliqucts of MVAOTV An infected cell lysates were analyzed by 
mdioimmunoprecipitation and immunostalninE with monoclonal antibodies for expression 
of both the envelope and gag pol protein. In both of these tests, each orthese proteins was 
detected. 

2. The recombinant vims was shown to produce gag particles in ihe supernatant of 
infected cells by pelleting the "S-labeled particles on a 20% sucrose cushion. 

3. Gag parades were also visualized both outaide and budding from cells as well as 
within vacuoles orcells in the electron microscope in thin sections. These gag particles had 

envelope protein on their surface. 

Unless otherwise indicated, all nucleotide sequences determined by sequencing a 
DNA molecule herein were determined using an automated DNA sequencer, and all amino 
acid sequences of polypeptides encoded by DNA molecules determined herein were 
predicted by translation of a DNA sequence determined as above. Therefore, as is known in 
the art for any DNA sequence determined by this automated approach, any nucleotide 
sequence determined herein may contain some errors. Nucleotide sequences determined by 
automation are typically at least about 90% identical, more typically at least about 95% to 
at least about 99.9% identical to the actual nucleotide sequence of the sequenced DNA 
molecule. The actual sequence can be more precisely determined by other approaches 
including manual DNA sequencing methods well known in the art. As Is also known in the 
art, a single insertion or deletion in a determined nucleotide science compared w the 
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actual sequence will cause a frame 5 hiA In elation of the nucleotide sequence such that 
toe predicted amino acid sequence encoded by a determined nuelemlde sequence will be 
completely different from the amino acid sequence actually encoded by the sequenced 
D NA molecule, harming at the point of auch an insertion or deletion. 

In summary, we have made a recombinant MVA virus, MVA/HIV 48. which has 
high expression of the ADA truncated envelope and the HXB2 gag pol. The MVA 
recombinant virus is made using a transiently expressed GUS marker that is deleted In the 
final vims. High expression of the ADA envelope is possible because of a new hybrid 
«rly/late promoter, Psyn n. In addition, the envelope ha* been truncated because we have 
shown truncation of the envelope enhances the amount of protein on the surface of the 
inferred cells, and hence enhances immunogenic^; stability of the recombinant is ajan 
enhanced. The MVA recombinant mate* gag panicles which has been shown by pelleting 
the particles through sucrose and analyring by PAGE. Gag particles with envelope protein 
on the surface have afa been visualized in the electron microscope, 

EXAM PLE^ 

Additional Modified or Synthetic Promotera Designed for Gene Expression in MVA Or 

Other Poxviruses 

Additional modified or synthetic promoters were designed for gene expression in 
MVA or other poxviruses. Promoters were modified to allow egression at early and late 
times after infection and to reduce possibility of homologous recombination between 
identical sequence* when multiple promoters am used in same MVA vector. Promoters arc 
placed upstream of protein coding sequence. 

m7.S promoter (SEQ ID NO: 10){ 

CGCTTTTTATAGTAAGTTmCACCCATAAATAATAAATACAATA^TTAATTTCT 
CGTAAAAATTGAAAAACTATTCTAATTTATTGCACGGT 

Psyn II promoter (SEQ ID NOJ) S 

TAAAAAATGAAAAAATArrCTAATTTATAGGACOGTTTTGA 1 1 1 llTITrTTTCT 
ATGCTATAAATAATAAATA 
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Psyn in promoter (SEQ 05 NO:1 1): 

taaamttoaaaamtattctmtttataggacggttttc 

ATACTATAAATAATAAATA 
Psyn IV promoter (SEQ ID NO: 12)! 

TAAAAATTGAAAAACT ATTCT AATTT ATACG ACG GTTTTG ATTTTCTTTTTTTCT 
ATACTATAAATAATAAATA 

PsynV pmmnter (SEQ ID NO:13): 

AAAAAATGATAAAGTAGGTTCAOTTJTATTGCT 

GTAAAAACTACGAATATAAAT 

EXAMPLE 4 
Tables A-F 

TaMeA: MVA/48 immunization - guinea pige. 

Groups of guinea pigs were immunized at days 0 arid 30 with I xl0 B infectious units 
of MVA/48 by either the ratramuscular (IM) or intradermal (ID) route. As a control 
another group was immunized IM with the same dose of non-recombinanl MVA. Sera 
taken before ad well aa after each immunizBtion was analyzed for neutralising activity 
against HIV-l-MN. Titers are the reciprocal serum dilution at which 50% oFMT-2 cells 
wrrr protected from virus-induced killing. Significant neutralizing activity was observed in 
all animals alter the second imrnunizadoii whh MVA/48 (day 49). 

Table B: Frequencies of HIV-1 gag-specific T cells following immunization of 
mice with MVA/48. 

Groups of BalbC mice were immunized at days 0 and 21 with 1 xlC ? infectious 
units of MVA/48 by one of three routes: intraperitoneal (IP), intradermal (ID), or 
intnunnsmilHT (IM). A control group was immunized with non-recombinant MVA. At 5 
weeks after the last Immunization, splenocyres were prepared and stimulated in vitro with 
an imrounodominant peptide from HIV- 1 p24 for 7 days. The cells were then mixed either 
with peptide-pulsed P815 cells or with soluble peptide. Gamma interferon-producmg cells 
were enumerated in an ELISPOT assay. A value of >500 was assigned to wells containing 
too many apots to count. Strong T cell responses have been reported in mice immunized IP 
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with other viiusos. In this experiment, IP i™ri*tfion of mice with MVA/48 elicited very 
strong HIV-l gag-speoific T cell responses. 

Table C: DNA prime and MVA/48 boost - total EL1SPOTS per animal. 

Ten rhesus macaque* were primed (weeks 0 and 8) with a DNA vaccine expressing 
HIV-l antigens including Ada envelope and HXB2 gagpol. At week 24 the animals we* 
• boosted intramuscularly with 1 xl0» infectious unite of MVA/48. Freeh peripheral blond 
mononuclear cells (PBMQ were analysed for production of gamma interferon io an 
BLISPOT assay as follows: PBMC were Incubated for 30-36 hours in the presence of 
pools of overlapping peptides eorrespondlng to the indiv{H«»l HIV-l antigens in fee 
vaccines. The total number of gamma interferon-producing cells from each animal is 
shown in the table. T cell responses to DNA vaccination were limited (wee* 2-20). 
However, boosting with MVA/48 resnlfcri in very strong HIV-l-epecinc T cell response in 

all animals (week 25). 

Table D: Antibody response following immunization of macaques with 

MVA/SHIV KB9. 

Groups of Htesua macaques were immunized with 2 xlO 1 infectious units of 
MVA/SHtV.KB9 at weeks 0 and 4 by one of several routes: Tonsilar, InttadrmiaJ (ID), or 
intramuscular (IM). Another group was immunized with non-recombinant MVA using the 
same routes. Serum samples from 2. weeks after the second immunization were analyzed 
for binding to KB9 envelope protein by BUS A and for neutralisation or SHIV-89.6P and 
SHIV-89.6. In the ELISA assay, soluble KB9 envelope protein was captured in 96 well 
plates using an antibody to the C-ierminus of gpl20. Serial dilutions of sera were analyzed 
and used to determine the endpoint titers. Neutralization of SHIV-89.6P and SHIV~89.6 
was detennmed m an MT-2 cell assay. Titers are the reciprocal serum dilution si whieh 
50% of the cells were protected feom vims-induced IdUing. In in vitro neutralization 
assays, SHIV-59.6P and SHIV-89.6 are heterologous, i.e. sera from animals infected with 
one of the viruses docs not neutralize the other vims. Th..s, two immunizations with 
MVA/SHTV-KB9 elicited good ELISA binding antibodies in all animals and neutralizing 
antibodies to the homologous virus (SH1V-89.6P) in some animate. In addition, 
heterologous neutralizing witihodies wore observed in a subset of animals. 

Table E: Frequencies of gag CM-9-epeoific CD3/CD8 T cells following 

immunization of macaques with MVA/SHIV-KB9. 
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Groups or MamuA*0l positive rhesus macaques were immunized with 2 xJO* 
infectious unite of MVA/SHIV-KB9 at weeks 0 and 4 by one of several routes: tonrilar, 
intradermal (ID), or intramuscular IM). Another group was immunized with non- 
recombinant MVA. The frequencies of CD3+/CD8+ T cells that bound telrameric complex 
containing the SW gag-specifio peptide CM 0 were determined by flow cytometry at 
various times after each immunization. Time intervals were as follows: Is, lb. and Id 
were one, two, and four work* after the first immunization, respectively; 2a, 2b, 2c, and 2d 
were one, two, three, and twelve weeks after the accord immumzation, respectively. 
Values above background are shown fn bold fans. Strong SIV gegnepecifio responses were 
nbaerved after a single immunisation with MVA/SHIV-KB9 in all immunised animals. 
Boosting was observed in moat animals following the second tanmnniidtiai. In addition, 
measurable tctTamer binding was still found twelve weeks after the second immunization. 

Table P: Frequencies of specifio T cells following immunization of macaques with 
MVA/SfflVKB9. 

Groups of macaques were immunized with MVA/SH1V-KB9 as described above. 
MVA7SHIV-KB9 expresses 5 genes from the chimeric virus, SHIV-89.6P: envelope, gag* 
polymerase, tat, and net Thus, the frequencies of T cells specific fhr each of the 5 antigens 
was analyzed using pools of peptides corresponding to each individual protein. Fresh 
PBMC were stimulated with pools of peptides for 30-36 hours in vitro. Gamma interferon- 
prcducing cells were enumerated in an ELISPOT assay. The total number of cells specific 
for each antigen is given as "total # spots". In addition, the number of responding animals 
and average # of spots per group is shown. PBMC were analyzed at one week after the first 
immunization (la) and one week after the second iinmunization Another group of 7 
animals was immunized with non-reoombinant MVA. In these arumats. nn spots above 
background levels were detected. Thus, a single immunization with MVA/SHJV-KB9 
elicited strong SHIV-specific T cell responses in all animals. Gag and envelope responses 
were the strongest; most animals had responses to gag. all animate had responses to 
envelope, The Eliepot responses were also observed after the second immunization with 
MVA/SHIV-KB9, albeit at lower levels. At both limes, the rank order of responses was: 
lonsilar > ID > IM. We show good immune response to nef and some immune response to 



tat. 
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TABLE A 



MVA/48 immunization - guinea pigs 
HIV-MN neutralizing antibody - reciprocal tiler 



Animal 0 


Croup 


Route 


day 0 


Day 4 
MVAtfl 


day 30 


day 33 
MVA#2 


day 40 


885 


MVA 


I.M. 




\M. 


31 


r.M. 


24 


991 


p 


ii 


<20 


II 


85 


n 


<20 


882 


MVA/48 


IM_ 


<20 


m. 




LM. 


5,534 


883 


■ 


•i 


<20 


ii 


68 


n 


691 


m 




M 


<20 


ii 


^0 


m 


4.249 


890 


» 


ii 


<au 


i» 


I BO 


n 


89 


879. 


MVA/48 


I.D. 


<20 


ID. 


<20 


JJ), 


*17 


881 


n 


•» 


<20 


i 


<3Q 


■i 




888 


V 


n 


<20 


ii 


24 


•I 


112 


389 


n 


n 


<20 




ZZ 


ii 


37CS 



TABLE B 



Frequencies qI rOV-tat-jpetifit T cdls following iramuaizstlau of mice 

With MVA/48 



! Croup 


P815 cells + pop peptide 




DJL^Wiul^linn 


mva control 


0 2 


D 4 


1 2 


MVA/48 (tP) 


:>$CX) *500 


>500 >500 


8 8 


MVA/48 (ID) 


12 5 


49 33 


4 2 


MVA/48 (TM) 


21 18 




12 8 
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TABLE C 



DNA prime and MVA/48 boost 
Total EU5POT3 per Animal 



Animal* 



.2 



10 1 



W 1 



70 



25' 



RJLw 


1 ' < 


731* 


< 


47 


43 


SO 


390S 


RV1 


3 




< 




< 


8 


20J 


Roi 




< 


1 


< 


•< 


< 


245 




< 


< 




< 


< 


< 


333 


1 Ryl 




< 


< 








4130 


RQk 


< 


4G 


< 


< 


< 


< 


630 


1 RJUr 


< 


< 


< 


14 


< 


< 


1965 


RZc 


< 


5 


< 




< 


< 


925 


RSf 


< 


118 


< 


< 


< 


20 


5570 


K20 




69 


< 




< 


< 


1435 


Total 






1 










Gwi Mk«ii 


r 4.5 i 




1.0 


33.7 


43.0 


20J 


1147.7 



JWa primes wen; at 0 and R wccVft and boost was at 24 wceKs 

' < - Background (2s the number of ELISPOTs in flic Uflatimutated control + 1 0) 
'Ccstiznulaicry amibodles were added to rhe ELlSPOT incubarions 
* Animal* from Chk bleed date exhibited higher than usual ELISPOTe. 
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TABLED 



Antibody response following Immunization of macaques with MVA/SHIY KB9 



Animal* 


Route 


KB9env 


KTW env elisA 


SHIV-89.6 


| shfv- 


SHIV.B9 6 

Will ¥ a U#tU 


**** v * 






















ELISA titer 


average 


tfd dev. 


Nab titer 


Nab titer 


ff DOS 


DOS 
















animals 




593 


lonsfl 


55,600 




20,383 


<20 


1 430 


3 


2 


601 




51,200 






<20 


! <20 
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25,600 






<10 


<20 
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■I 


51,200 






75 


31 








ii 


51,200 






61 


4ft 








ii 


6,400 






<20 


<30 






654 


ii 


6.400 






22 


<20 
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LA 


25.600 


19,800 


15,341 


38 


<0 


2 


4 


604 


n 


asoo 






<20 


262 






608 


r» 


3.200 






20 


66 






637 


w 


12,800 






O.O 


35 






6^8 


•» 


51,200 






<20 


<20 
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V 


25,600 






<20 


<20 






647 ' 


a 








32 
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<20 
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i.m. 


M0Q 
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<20 
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0 


3 
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n 
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00 


29 
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a 


6,400 






<20 


<ao 






639 i 


P 
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<10 


85 








»» 
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<20 
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II 
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<20 


41 
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•i 


1 ,600 






<20 


<20 






651 


Pi 


25.600 : 






20 


<20 






603 


Control 


<100 


*100 




<20 


<20 


0 


0 


605 


n 


<100 






<20 


<20 






fi07 


F» 


<1D0 






<:20 


*20 






643 


Ii 


<100 






<20 


<20 






w 


•i 


<100 






<20 


<30 








■1 


<I00 








<20 






652 


•» 


<100 






<20 


<20 
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TABLE E 



Frequencies or gag CMO-epeciflc CD3/CW T c*)h following immunisation of macaquM with 

MVA/BHIVKB9 





VUUlC 
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|ji ™ 


Id 




lit 


2a 




1* 


JFAI 
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0.51 
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ay 


















401 


n 
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0.27 
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0J6 


O.039 
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■i 


M 


0.0** 


d.rfA 


0,76 


Ml 


i.ta 




MA 


0,t5 
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II 


N 


0.041 


0.69 
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0.68 
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0.47 


03 
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n 
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0.022 


0.0ft 
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0.013 
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U 


MVA/K. 


0.019 


6.17 


0,92 


OJ* 


0.99 


0.39 


0.3 


0J 
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p 


B9 


0.013 


O.U 


038 


0*32 


0,44 


0.38 


0.19 


0,25 


<550 


H 




0.095 


0,17 


0.6 


QJ3 


2,87 
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0.9 


046 
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n 






0,32 


0.38 


0.14 


0-W 


0.91 
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652 


H 


MVA 
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fl.026 


0.05S 
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041 






B9 


















600 


q 


q 
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ri 
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0.56 
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0.22 
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i 
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0.69 
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0.24 
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"Sol 


— V™ 


MVA 




"0.024 
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***** 



While the present invention has been described in some fe.il for purposes of 
clarity and undoing, one skilled ™ the art will appreciate that various changes in form 
and detail can be made without departing from the true scope of the invention. AH patents, 
patent applications and publications referred to above are hereby incorporated by reference. 
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N^ftTTS CLAIMED IS: 

1. A pharmaceutical composition comprising a recombinant MVA vims 
expressing an HJV p/rv, gag. end pot gene or modified gene thereof for production of en 
HIV Env, Gag, and Pol antigen by expression from said recombinant MVA vims, wherein 
add HIV e«v gene is modified to encode an HIV Env protein composed of gp!20 and the 
mcmbrtuie-epanninR and ectodomain of EP 41 but lacking part or all of the cytoplasmic 
rinrnam of gp41 , end a pharmaceutic ally acceptable carrier. 

2. The phanneoeutical composition of claim I, wherein said HIV pol gone or 
modified gene tbrrcnf it modified to inactivate reverse transcriprase and integrase. 

3. The pharmaceutical composition of claim 1, wherein said HIV env, gag, or 
pol gene or modified gene thereof i* taken from clade A, 

4. The pharmaceutical competition of claim 1, wherein said HIV env, gag, or 

pal gene or modified gene thereof Is taken from clade B. 

5. The pharmaceutical composition of chim 1 , wherein said HIV eav, gag, or 

pol gene ot mndifted gene thereof is taken from clade C 

6. The pharmaceutical composition of claim 1, wherein said HIV env, gag, or 
pol gene or modified gene thereof i* taken from clade D. 

7. The pharmaceutical composition of claim 1, wherein said HTV env, gag f or 

pol gene or modified gene thereof is taken from clade E. 

8. The pharmaceutical composition of claim l ( wherein aeid HIV ew?v, gag, or 
pol gene or modified gene thereof is taken from clade F. 

9. The pharmaceutical composition of claim 1, wherein said HIV env, gag. or 
pol gene or modified gene thereof \s taken from olade G. 

10. The pharmaceutical compnrilion of olaim 1, wherein said HIV env, gag, or 
pol gene or modified gene thereof is taken from clade H. 

U. The pharmaceutical composition of claim 1 , wherein aaid HTV wv, gag, or 
pel gene or modified gene thereof is taken from clade J. 

12. The pharmaceutical composition of claim 1 wherein said HTV env. gag, or 
pol gene or modified gene thereof is inserted at the site of deletion m withfn the MVA 
genome. 
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13. The pharmaceutical composition oF claim 1 wherein said HIV orv, gag, or 
pel gene or modified gene thereof fs under transcriptional initiation regulation of a H5-like 

early/late vaccinia virus promoter. 

14. Tnc pharmaceutical composition of claim 1 wherein recombinant MVA 
virus additionally expresses an additional HIV gene or modified gene thereof for 
production of an HIV fmKgen by expression from said recombinant MVA vims, wherein 
said additional HIV gene is a member selected from the group consisting of v// vpr. tat. 
rev, vpu } and ntf* 

15. MVA/H1V48 comprising SEQ ID NO:2. SEQ ID NO:3, SEQ ID NO:4, and 

SEQ ID NO:5, 

16. pLW-48 having SEQ ID NO:l . 

17. A plasmid transfer vector having the sequence of pLW-48 (SEQ ID NO: I) 
excluding the HIV env, gng t tn&pot genes, 

18. pLW-48 (SEQ ID NOrl) wherein the HIV ewv, gag* and poi genes have a 

sequence taken from another clade. 

19. A poxvirus comprising a promoter selected from the group consisting of 
m7,5 promoter having SEQ ID NO: 10, Psyn n promoter having SEQ ID NO:?, P«yn DI 
promoter having SEQ ID NO: 11. Psyn IV promoter having SEQ ID NO: 12, and Psyn V 

promoter having SEQ ID NO;13. 

20. A method of boosting a CD8* T ecll immune response to on HtV Env, Gag, 
or Pol antigen in a primate, the method nnmprising provision in the primate of a 
composition of any of claims 1-15, whereby a CDS 4 " T cell immune response to the antigen 
previously primed in the primate is booBted. 

21. A method nf inducing a CD8* T cell immune response w an HIV Env, Gag. 
or Pol antigen in a primate, the method comprising provision in the primate of a 
composition of any of claims 1-15, wberehy a CD8 + T cell immune response to the antigen 
in the primate ie induced. 

22. A method of inducing a CDS* T cell immune response to an HIV Env, Gag, 
or Pol antigen in a primate, the method comprising provision in the primate of a priming 
composition comprising nucleic acid encoding said antigen and then pro™™ in the 
primate of a boosting composition which comprises any of claims 1-15, whereby a CD8* T 
cell immune response to ihe antigen is induced. 
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23 The method of any of Claims 20-22, Wheirio the primate is a human. 

2 «. The method of any of Claims 20-22, wherein administration of the 

recombinant MVA vim* is by needleless injection. 

25. The method of Claim 22, wherein the priming composition comprises 

Dlasmid DNA encoding said antigen. 

26 A method of making a composition of any of claims MS compnstng 
preparing a placid txaaafer vector enr-nding an HTV anv, gag, and pot gene or modified 
Z ^ whemin said HIV «tv gene is modified to encode an HTV Env proton 
compos* of SP120 and the mambmne-spanning and ectodomain of ^ U- P* 
or all of the cytoplasmic domain of and recombming said plasm.d transfer vector 
with a MVA virus to producr a composition of any of claims 1-1 5. 
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PAGE 96/116 * RCVD AT 7/18/2006 3:22:44 PM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-1/1 ' DNlS:2738300 * CSED:212 588 0500 * DURATION (mm-ss):32-04 



07/18/2006 15:41 FAX 212 588 0500 FROMMER LAWRENCE 1 097/1 16 



WO 02/072754 PCTrtJS02/0*7l3 

43/34 



Tart Pile of oLW-48 and the Includ ed Individual HIV GgD5g-Qnd Their 

Promoter? 



Entire pLW-48 plasmld sequence: 

GAATTCGTTGGTGQTCGCCATGGATGGTGTTATTGTATACTGTCTAAACGCG 
TTAGTAAAACATGGCCAG GAAATAMTCATATAAAAAATGATTTCATGATTAA 
ACCATGTTG TGAAAAA GTC AAGAACGTTCAC ATTGG CGGACAATCTAAAAAC 
AATACAGTGATTGCAGATTTGGCATATATGGATAATGCGGTATCCGATGTAT 
GCAATTCACTGTATAAAAAGAATGTATCMGMTATCCAGATTTGCTAATITG 
ATAMGATAGATGACGATGACAAGACTCCTACTGGTGTATATAATTATT7TAA 
ACCTAAAGATGCCATTCCTGTTATTATATCCATAGGAAAGGATAGAGATGTTT 
OTQAAOTATTAATCTCATCTGATAAAGCGTGT GCGTGTA TAGAGTTAAATTCA 

TATAAAGTAGC CATTCTTCCC ATG GATGTTTCC 1 1 1 I I I AC CAAAG GAAATG C 
ATCATTGATTATTCTCCTGTTTGATTTCTCTATCGATGCGGCACCTCTCTrTAA 
GAAGTGTAACCGATAATAATX3TTATTAT ATCTA QACACCAGCGTCTACATGA 
CGAGCTTCCGAGTTCCAATTGGTTCAAGTTTTACATAAGTATAAAGTCCGAC 

TATTGTTCTATAmTATATGGTTGTTGATGGATCTGTGATGCATGCAATAGC 
TGATAATAGAACTTACOCAAATATTAGCAAAAATATATTAGACAATACTACAA 
nMCGATGAGTGTAGATCCTGTTATTTTGAACCACAGATTAGG^TTCTTGAT 

AGAGATGAGATGCTCAATGGATCATCGTGTGATATGAACAGACATTGTATTA 

TGATGMTTTACCTGATGTAGGCGAATTTGGATCTAGTATGTTGGGGAAATA 

TGAACCTGACATGATTAAGATTGCTCTTTCGGTGGCTGGGTACCAGGCGCG 

CCTTTCATTTTG 1 1 1 1 I I I CTATGCTATAAATGG TACGTCCTGTAGAAACCCC 

AACCCGTGAAATCAAAAAACTCGACGGCCTGTGGGCATTCAGTCTGGATCG 

CGAAMCTGTGGAATTGATCAGCGTTGGTGGGAAAGCGCGTTACAAGAAAG 

CCGGGCMtTGCTCTGCCAGGCAGTTTTAACQATCAGTTCGCCGATGCAGA 

TATTCGTMTTATGCGGGCMCGTCTGGTATCAGCGCGAAGTCTTTATACCG 

AMGGTTGGGCAGGCCAGCGTATCGTGCTGCGTTTCGATGCGGTCACTCAT 

TACGGCAAAGTGTGGGTCAATMTCAGGAAGTGATGGAGCATCAGGGCGG 

CTATACGCCATTTGAAGCCGATGTCACGCCGTATGTTATTGCCGGGAAMG 
TGTACGTATCACCGTTTGTGTGAACAACGAACTGAACTGGCAGACTATCCC 
GCCGGGAATGGTGATTACCGACGAAAACGGCAAGAAAAAGCAGTCTTACTT 

CCATGATTTCTTTAACTATGCCGGAATCCATCGCAGCGTAATGCTCTACACC 
ACGCCGAACACCTGGGTGGACGATATCACCGTGGTGACGCATGTCGCGCA 
AQACTGTAACCACGCGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGT 
CAGCGTTGAACTGCGTGATGCGGATCAACAGGTGGTTGCAACTGGACAAG 

GCACTAGCGGGACTTTGCAAGTGGTGMTCCGCACCTCTGGCAACCGGGT 
GAAGGTTATCTCTATGMCTGTGCGTCACAGCCAAAAGCCAGACAGAGTGT 

GATATCTACCCGCTTCGCGTCGGCATCCGGTCAGTGGCAGTGAAGGGCGA 

ACAGTTGCTGATTMCCACAAACCGTTCTACTTTACTGGCTTTGGTCGTCAT 

GAAGATGCGGACTTGCG7GGCAAAGGATTCGATAACGTGCTGATGGTGCAC 

GACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCAT 

TACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAAGATGGCATCGTG 



Figure Bi 



PAGE 97/116 * RCVD AT 7118/2006 3:22:44 PM [Eastern Daylight Time] ' SVMSPTOtFXRN/l " DNIS:2738300 • CSID:212 588 0S00 • DURATION (mm-ss):32-04 



07/18/2006 15:41 FAX 212 588 0500 FROMMER LAWRENCE 3098/116 



WO 02AI77.7JU PCT/U802f06713 

44/M 



GTGATTGATGAMCTGCTGCTGTCGGCTTTAACCTCTCTTTAGGCATTGQTT 

TCGAAGCGGGCAACAAGCCOAAAOAACTGTACAGCGAAGAGGCAGTCAAC 

GGGGAAACTCAGCAAGCGCACTTACAGGCGATTAAAGAGCTGATAOCGCGT 

GACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCAACGAACCGGAT 

ACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGAAGCAAC 

GCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATQTTCTG 

CGACGCTCACACCGATAOCATCAGCGATCTCTTTGATGTGCTGTGCCTGAA 

CCGTTATTACGGATGGTAT GTCCAAAGCGGCGATTTGGAAACGGCAGAGAA 
GGTACTGGAAAAAGAACTTCTGGCCTGGGAGGAGAAACTGCATCAGCGGAT 
TATCATCACCGAATACGGCGTGGATACGTTAGCCGGGCTGCACTCAATGTA 

cacxgacatgtggagtgaa9agtatcagtgtgcatggctggatatgtatca 

ccgcgtctttgatcgcgtcagcgccgtcgtcggtgaacaggtatggaattt 

cgccgattttgcgacctcgcaag3catattgcgcgttggcggtaacaagaa 

agggatcttgactcgcgaccgcaaaccgaagtcggcggcttttctgctgca 

aamcgctggactggcatgaacttcggtgaaaaaccgcagcagggaggca 

aacaatgagagctcggttgttgatggatctgtgatgcatgcaatagctgata 

atagaac rtacgcaaatattagcaaaaatatattagacaatact acaattaac 

gatgagtgtagatgctgttattttgaaccacagattaggattcttgatagag 

ATGAGATGCTCAATGGATCATCGTGTGATATGAACAGACATTGTATTATGAT 
GAATTTACCTGAT GTAGGCG AATTTGGATCTAGTATGTTGGGG AAATATGAA 
CCTGACATGATTAAGATTGCTCTTTCGGTOfl CTGQ C GGCCCOCTCGA GTAA 

AAAATGAAAAAATATTCTAATTTATAGGACGGTTTTGA I 1 1 ICJ I II II ICTAT 
GCTATAAATAATAAATAGCGGCCGCACCATGAAAGTGAAGGGGATCAGGAA 
GAATTATCAGCACTTGTGGAAATGGGGCATCATGCTCCTIGGGATGTTGATG 

ATCTGTAGTGCTGTAGAAAATTTGTG GGTCA CAGTTTATTATGGGGTACCTG 
TGTGGAAAGAAGCAACCAGCACTCTATTrTGTGCATCAGATGCTAAAGCATA 
TGATACAGAGGTACATAATGTTTGGGCCACACATGCCTGTGTACCCACAGA 
CCCCAACCCACAAGMGTAGTATTGGAAMTGTGACAGAAAATTTTAACATG 

TGGAAAAATAACATGGTAGAACAGATGCATGAGGATATAATCAGTTTATGGG 

ATCAAAGCCTAAAGCCATGTGTAAAATTAACCCXJACTCTGTGTTACTTTAAAT 

TGCACTGATTTGAGGAATGTTACTAATATCAATAATAGTAGTGAGGGAATGA 

GAGGAGAAATAAAAAACTGCTCTTTCAATATCACCACAAGCATAAGAGATAA 

GGTG AAGAAAGACTATG GACTTTTcTATAG ACTTG A 1 GTAGTACCAATAGATA 

ATGATMiACTAGCTATAGGTTGATAAATTGTAATACGTCAACCATTACACAG 

GCCTGTCCAMGGTATCCmGAGCCAATTCCCATACAITATTGTACCCCGG 

CTGGT11 1 GCGATTCTAAAGTGTAAAGACAAGAAGTTCAATGGAACAGGGCC 

ATGTAAAAATGTCAGCACAGTACAATGTACACATGGAATTAGGCCAGTAGTG 

TCAACTCAACTGCTGTTAAATGGCAGTCTAGCAGAAGAAGAGGTAGTAATTA 

GATCTAGTAATTTGACAGACMTGCAAAAAACATAATAGTACAGTTGAAAGAA 

TCTGTAG AAATTAATTG 1 ACAAGACCCAACAACAATACAAGGAAAAGTATAC 

ATATAGGACCAGGAAGAGCAT1TTATAGAACAGGAGAAATAATAGGAGATAT 

AAGAC AAG CACATTGC AAC ATTAG TAGAACAAAATGGAATAAGACTTTAAAT 

CAMTAGCTACAAAATTAAMGAACAATTTQQGAATAATAAAA CAATA GTCTT 

TAATCAATCCTCAGGAGGGGACCWGAAATTGTMTGCACAGTTTTAATTGT 

GGAGGGGAATTCTTCTACTGTAATTCAACACAACTGTTTAATAGTACTTGGA 

ATTTTMTGGTACTTG GAATTT AACACAATCGAATGGTACTGAAGG AAATGA 



Figure B 2 
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07/18/2006 15:42 FAX 212 588 0500 FROMMER LAWRENCE 0099/116 



WO 02/072754 PCT/TJS02/06713 

45/54 



CGWGCGTCMTAACGCTOACGGTAGAGGCCAGACT 

AGT^CAACAGCAGAACMTTTGCTGAGGGCTATTG^ 

OTGcWuACAGTCTGGGGCATCMGCAGCTCCAGGC^^ 



CTGGAAAACT^TCTGCACCACTGCTG 

^X^S^TAfGATTTGGGATMCATGAaTC 

GAG^TCGAAMTIACACAGGCTTMTATACACCTTMTTGAGGAATCGCA 

GAACCMCAAGAAMGM 



aottTGTGGAATTGGI rTGACATATCAAATTGGCTGTGGTATGTAAAAATCTT 
cStGATAgSgGA^ 
CTA^GTAMTAG^ 



ctg^gacagagactmtttttatgcg^ 

^GTO^^T^VAGCGGGGGAGMTTAGATCGATGGGAAAAAATT^G^A 
ATOCC^GG^GAAAGAaAAAATA ^^^^^^^^ItS^^S^^^S^ 

AG^T^^TGC^^mCXJCTATAGTGCAGAAC^TCCAGGGGCAA 



TAGAAGAGAAGGCTTTCAGCCCAGAAGTGATACCCATG 

agaaggagccaccccacaagatttamcaccatgctamcacagtgggggg 

AC^QflAGCAGCCATGCAAATGTrAAMCAGACCATCMTGAGGAAGCTGC 
ACAT(^G^GCCATe cATcc ^ T ^ TG ^ GG<3c 

gatgagagmccmggggaagtcmcat^ 



T^CT6WTTCTGGACATMGACMG(^CCAA^GWMCT^AGAG^T^ 



AGACTATTTTAaJ^^^^ 

a^tgS^gtaggaggacccg^ 

MGCAATGAGCCMGTMCAMTTCAGCTACCATMTGATG^ 
AmAGGAACCAMGAMGAnGTTAAGTOl L'Jff^rrn?S^^? 

gcacacagccagaaattgcagggcccctaggaaaaagggctgttggaaat 



Figure Bj 
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07/18/2006 15:42 FAX 212 588 0500 FROMMER LAWRENCE ©100/116 



WO 02A72754 PC WS02/0671 3 

46/54 



GTGGAAAGGAAGGACACCAAATCAAAGATTGTACTGAGAGACAGGCTAATT 
TlrtAGGGMGATCTGGCCUCCTACAAGGGMGGCCAGGGAATTTTCTTCA 
GAGCAGACCAGAGCCAACAGCCCCACCAGAAGAGAGCTTCAGGTCTGGGG 
TAGAGAC AACAACTCCCCGTCAGAAG CAGG AG CCG ATAGACAAGOAACTGT 

ATCCTTTAACTTCCCTCAGATCACTCTTTGGCAACGACCCCTCGTCACAATA 
AAGATAGGGGGGCAACTAAAGGAABCTCTATTAGATACAGGAGCAGATGAT 
ACAQTATTAGAAG AAATG AQTTTQCCAGGAAGATGGAAACCAAAAATGATAG 
GGGGAAnGGAGGTTTTATGAAAGTAAGACAGTATGATCAGATACTCATAGA 

AATCTGTGGACATAAAGCTATAGGTACAGTATTAGTAGGACCTACACCTGTC 

MCATMTTGGAAGAMTCTGTTGACTCAGATTGGTTGCACTTTAAATTTTCC 

CATTAGCCCTATTGAGACTGTACCAGTAAAATTAAAGCCAGGAATGGATGGC 

CCAAMGTTAAACAATGGCCATTGACAGAAGAAAAAATAAAAGCATTAGTAG 

AAATTTGTACAGAMTGGAAMGGMGGGAAAATTTCAAAAATTGGGCCTGA 

GMTCCATACMTAOTCCAGTATTTGCGATAAAGAAAAAAGACAGTACTAAAT 

GGAGGAAATTAGTAGATTTCAGAGAACTTAATAAGAGAACTCAAGACTTCTG 

ggaagttcaattaggaatacgacatcccgcagggttaaaaaagaaaaaatca 

gtaacagtactggatgtgggtqatgcarairntcagttcccttagatgaag 

acttcaggaAgtatactgcatttaccatacctagtataaacaatigagacacc 

agggattagatatcagtagaatgtgcttccacagggatggaaaggatcacc 

agcaatattwjamgtagcatgacaaaaatcttagagccttttaaaaaacaaa 

atccagacatagttatctatcmtacatgaacgatttgtatgtagqatctgac 

TTAGAAATAGGGCAGCATAGAACAAAAATAGAGGAGCTGAGACAACATCTG 

TTGAGGTGGCGACTTACCACACCAGACAAAAAACATCAGAAAGAACCTCCA 

TTCCTITGGATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAGCCTA 

TAGTGCTGCCAGAAAMGACAGCTGQACTGTCAATGACATACAGAAGTTAG 

TGGGGAAAnGMTACCGCMGTCAGATTTACCCAGG^ATTAAAGTAAGGC 

AATTATGTAAACTCCTTAGAGGMCCAAAGCACTAACAGAAGTAATACCACT 

AACAGAAG AAGCAG AG CTAGAACTGGCAGAAAACAGAGAGATTCTAAAAGA 

ACCAGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATAGCAGAAATA 

CAGAAGCAGGGGCAAGGCCAATGGACATATCAAATTTATCAAGAGCGATTT 

AAAAATCTGAAAACAGGAAAATATGCMGAATGAGGGGTGCCCACACTAAT 

GATGTAAAACAATTAACAGAG GCAGTGC AAAAAATAACCAC AG AAAGCATAG 

TMTATGGGGAMGACTCCTAMTTTAAACTACCCATACAAAAGGAAACATG 

GGAAACATGGTGGACAGAGTATTGGCAAGCCACCTGGATTCCTGAGTGGGA 

GTTTGTrAATACCCCTCCTTTAGTGAAATTATGGTACCAGTrAGAGAAAGAA 

CCCATAGTAGGAGCAGAAACCTTCTATGTAGATGGGGCAGCTAACAGGGAG 

ACTAAATTAG GAAAAGCAGGATATGTTACTAACAAAGG AAGACAAAAGGTTG 

TCCCCCTAACTAACACAACAAATCAGAAAACTCAGTTACAAGCAATTTATCTA 

6CTTTGCAGGATTCAGGATTAGAAGTAAACATAGTAACAGACTCACAATATG 

CATTAGGAATCATTCAAGCACAACCAGATAAAAGTGMTCAGAGTTAOTCAA 

TCAAATAATAGAGCAGTTAATAAAAAAGGAAAAGGTCTATCTGGCATGGGTA 

CCAGCACACAAAGGAATTGGAGGAAATGAACAAGTAGATAAATTAGTCAGT 

GCTGGAA TCAGG AAAATACTATTTTTAGATGGAATAGATAAGGCCCAAGATG 

AACA7TAGTTTTTATGTCGACCTGCAGGGAMGTTTTATAGGTAGTTGATAG 

AACAAMTACATMTTTTGTAAAMTAAATCACTTTTTATACTAATATGACACG 
ATTACCAATACTTTTGTTACTAATATCATTAGTATACGCTACACCTTTTCCTCA 



Figure R4 



PAGE 100/116 * RCVDAT 7/18/2006 3:22:44 PM JEastern Daylight Time] * SVR:USPT0-EFXRF-1/1 * DNIS.2738300 * CS!D:212 588 0500* DURATION (mm-ss):32-04 



07/18/2006 15:42 FAX 212 588 0500 FROMMER LAWRENCE @ 101/1 16 



WO 02072754 PCT/US0V06713 

47/54 

GACATCTAAAAAAATAGGTQATGATGCMCTTTATCATeTAATCQAAATAATA 
CAAATGACTACGTTGTTATGAOTGCTTGOTATMGGAGCCCAATTCCATrAT 
TCTTTTAGCTGCTAAAAGCGACGTCTTGTATTTTGATAATTATACCAAGGATA 
AAATATCTTACGACTCTCCATACGATGATCTAGTTACAACTATCACAATTAM 
TCA7TGACTGCTAGAQATGCCGGTACTTATGTATGTGCATTCTTTATGACATC 
• GCCTACAAATGACACTGATAAAGTAGATTATGAAGAATACTCCACAGAGTTG 
ATTGTAAATACAGATAOTGAATCGACTATAGACATAATACTATCTGGATCTAC 
ACATTCACCAGAAACTAGTTAAGCTTGTCTCCCTATAGTGAGTCGTATTAGA 
GCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCT 
CACMTTCCACACAACATACGAGCCGGAAGCATAAAeTGTAAAGOCTGGGG 
TGCCTAATGAGTGAGCTAACTCACATTMTTGCCTTGCGCTCACTCCCCGCT 
TTCGAGTCGGG AAACCTGTCGTGCCAGCTGCATTAATGAATCGG CCAACGC 
GCGGGGAGAGGCGGTrTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCAC 
TGACTCGCTGGGCTCGGTCGTIC6GCTGCGGCGAGCGGTATCAGCTCACT 
CAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGPAGGAAAGA 

ACATGTGAGCAAAAGGCCAeCAAAAGGCCAGGAACCGTAAAAAGGCCGCQ 
TTGCTGGCGTTTTTCGATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT 

CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG 
GCGTTTCCCCCTGGAAGCTCCCTGGTGCGCTCTCCTGTTCCGACCCTGCCG 
CTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCT 

CATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAC 
CTGGGCTGTGTGCAC3MCCCCCCGTTCAGCCCGACCGCTGCGCCrrTATC 
CGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACT 
GGCAGCAGCCACTGQTAACAGGATTAGCAGAGCGA6STATGTAGGCGGTG 

ctacagagttcttgaagtggtggcctaactacggctacactagaaggacag 
tatttggtatctgcgctctgctgmgccagttaccttcggaaaaagag^gg 

tagctcttgatccggcaaacaaaccaccgctggtagcggtgg 1 1 1 1 1 1 igtt 
tgcmgcagcagattacgcgcagaaaaaaaggatctcmgmgatcctttg 

ATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG 

ATTTTGGTCATGAGATTATCAAAAAGGATCnCACCTAGATCCTTTTAAATTA 

AAMTGMGTTnAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA 

Gl 1 ACCAA7GCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCG 

TTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAG 

GGCTTAGUATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCA 

CCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCG 

CAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGC 

CGG^AAGCTAGAGTMGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTCTT 

GGCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCA 

TrCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT 

GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGT 

TGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATrCTCTTAC 

TGTCATGCCATCCGTAAGA1GCTTTTCTGTGACTGGTGAGTACTCAACCAAG 

TCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCA 

ATACGGGATAATACCGCGCGACATAGCAGAACTTTAAAAGTGCTCATCAnG 

GAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTG TTGAGA T 

CCAGTTCGATGTMCCCACTCGTGCACCXJAACTGATCTTCAGCATCTTTTAC 



Figure Bj 
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WO OZ/0727S4 PCTYU502/n6713 



TTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATQCC 6CAAA 

AAAGGGAATAAGGGCGACACG3AMTQTTGAATACTCATACTCTTCCTTTTT 

CMTATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT 

TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCXX3A 

AAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAA 

AMTAGGCGTATC^CGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGG 

TGAAMCCTCTGAOACATGCAGCTCOCGGAGACGGTCACAGCTTGTCTGTA 

AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTT 

GGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACT 

GAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAA 

ATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGG 

GCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGC TGQC GAAAGOGGOAT 

GTGCTGCMGGCGATTMGTTGGGTMCGCCAGGGTTTTCCCAGTCACGAC 

GTTGTAAAACGACGGCCAGTGAATTGGATTTAGGTGACACTATA 



Nftw Psyn IL Promoter which controls ADA envelope exp ression: 

TAAAAMTGAAAAAATATTCTAATTTATAGGACGGTmGATTTTC 1 1 II 1 1 1 C 
TATGCTATAMTAATAAATA 

APA envelope truncatedi 

ATGAAAGTGAAGC5GGATCAGGAAGAATTATCAGCACTTGTGGAAATGGGGC 
ATCATGCTCCTTGGGATGTTGATGATCTGTAGTGCTGTAGAAAATTTGTGGG 
TCACAGTTTATTATGGGGTACCTGTGTGGAAAGAAGCAACCACCACTCTATT 
TTGTGCATCAGATGCTAAAGCATATGATACAGAGGTACATAATGTTTGGGCC 
ACACATX3CCTGTGTACCCACAGACCCCAACCCACAAGAAGTAGTATTGGAA 

AATGTG7VCAGAAAATTTTAACATGTGGAAAAATAACATGOTAGAACAGATGC 

ATGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGTGTAAAATT 

MCCCCACTCTGTGTTACTTTAAAITGCACTGATrTGAGGAATGTTACTAATA 

TCAATAATAGTAGTQAGQQAATGAGAGGAGAAATAAAAAACTGC TCTT TCAA 

TATC ACGAC AAGC ATAAGAG ATAAGGTGAAG AAAG ACTATG CACTTTTCTAT 

AGACTTGATGTAGTACCAATAGATAATGATAATACTAGCTATAGGTTGATAAA 

TTGTMTACCTGMCCATTACACAGGCCTGTCDVAAGGTATCCTTTGAGCCA 

ATTCCCATAC^TTATTGTACCCCGGCTGGTTTTGCGATTCTAAAGTGTAAAG 

ACAAGAAGTTCAATGGAACAGGGCCATGTAAAAATGTCAGCACAGTACAAT 

GTACACATGGAATTAGGCCAGTAGTGTCAACTCAACTGCTGTTAAATGGCAG 

TCTAGCAGAAGAAGAGGTAGTAATTAGATCTAGTAATTTCACAGACAATGCA 

AAAAACATAATAGTACAGTTGAAAG AATCTGTAG AAATTAATTGTAG AAGA CC 

CMCMCMTACMGGAAAAGTATAGATATAGGACCAGGAAGAGCATTTTAT 

AGAACAGGAGAAATAATAGGAGATATAAGACAAGCACATTGCAACATTAGTA 

GMCAAMTGGAATMCACTTTAAATCAAATAGCTACAAAATTAAAAGAACAA 

TTTGGGAATAATAAAA CAAT AGTCTTTAATCAATCCTCAGGAQQQGACCCAG 

AAATTGTMTGCACAQTTTTMTTGTGGAGGGGAATTC^CTACTGTAATTCA 

AC AC AACTGTTTAA rAGTACTTGGAATTTTAATGGTACTTGGAATTTAAOACA 



Figure B$ 
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i 103/116 



WO 02/O7275J PCT/US0J/W713 



ATCGMTaSTACTGMGGAAATGACACTATCACACTCCCATGTAOMTAAAA 
CAAATTATAAATATGTGOCAGGAAGTAGCAAAAOCAATGTAICiCUCCrrCCCA 

tcagaggacaaattagatgctcatcaaatattacagggctaatattaacaag 

agatggt6gaactaacagtagtgggtccgagatg7tcagacctgggggag 

gagatatgagggacaattggagaagtgmttatataaatataaagtagtaaa 

aattgaaccattaggagtagcacccaccaaggcaaaaagaagagtggtgca 

gaqagaaaaaagagcagtgggaacgataggagctatgttccttgggttctt 

gggagcagcaggaagcactatgggcgcagcgtcaataacgctgacggtac 

aggccagactattattgtctggtatagtgcaacagcagaacaatttgctgag 

ggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatgaa 

gcagctccaggcaagagtcctggctgtggaaagatacctaagggatcaaca 

gctcctagggaittggggttgctctggaaaactcatctgcaccactgctgt 

gccttggmtgctagttggagtmtaaaactctggatatgatttgggataac 

atgacctggatggagtgggaaagagaaatcgaaaattacacaggcttmtat 
acaccttaangaggaatcgcagmccmcmgaaaagmtgaacaagactt 

ATTAGCATTAGATMGTGGGCAAGrtTTGTGGAATTGGTTTGACATATCAAATT 

GGCTGTGGTATGTAAAAATCTTCATMTGATAGTAGGAGGCTTGATAGGTTT 

MGMTAGTTTTTACTGTACTTTCTATAGTAAATAGAGTTAGGCAGG3ATACT 

CACCATTGTCATTTCAGACCCACCTCCXJAGCCCCGAGGGGACCCGACAGG 

CCCGAAGGAATCGAAGAAGAAGGTGGAGACAGAGAC 

PmH5 promoter fwhl ch ooiitrote HXB2 gag pQl expression): 

AAAMTTGAAAATAMTACAMGGTTCTTGAGGGTTGTGTTAAATTGAAAGC . 
GAGAAATAATCATAAATA 

HXBijgag P"l ( w8th * afettf mutaflons - A IniEsiaael; 

ATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGATCGATGGGA 

AAAAATTCG GTTAAGG CC AG GGGGAAAGAAAAAATATAAATTAAAACATATA 

GTATGGGCAAGCAGGGAGCTAGAACGATTCGGAGTTAATCCTGGCCTGTTA 

GAAACATCAGMGGCTGTAGACAMTACTGGGACAGCTAC^CCATCCCTT 

CAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCT 

ATTGTGTGCATCAAAGGATAGAGATAAMGACACCAAGGAAGCTTTAGACAA 

GATAGAGGMGAGCMAACAAAAGTAA6AAAAAAGCACAGCAAGCAGCAGC 

TGACACAGGACACAGCAATCAGGTCAG'CCAAAATTACCCTATAGTGCAGAA 

CATCCAGGGGCAAATGGTACATCAGGCCATATCACCTAGAACTTTAAATGCA 

TGGG I AAAAGTAGTAGAAGAGAAGGCTTTCAGCCCAGAAGTGATACCCATG 

TTTrCAGCATTATCAGMGGAGCCACCCCACAAGATTTAAACACCATGCTAA 

ACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCA 

ATGAGGAAGCTGCAGAATGGGATAGAGTGCATCCAGTGCATGCAGGGCCT 

ATTGGACCAGGCCAGATGAGAGAACCAAGGGGAAGTGACATAGCAGGAAC 

TACTAGTACCCTTCAGGAACAAATAGGATGGATGACAAATAATCCACCTATC 

ccagtaggagaaatttataaaagatggataatcctgggattaaataaaatag 

taagaatgtatagccctaccagcattctggacataagacaaggaccaaaaga 

accctttagagactatgtagaccggttctataaaactctaagagccgagcaa 



FigUTT B; 
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GCTTCACAGGAOGTAAMAATrGGATGACAGAAACCTTGTTGGTCCAAAATG 
CGAACCCAGATTGTAAGACTATTnAAMGCATTGGGACCAGCGGCTACACT 

agaagaaatgatgacagcatgtcagggagtaggaggatc 

CMGAGTTTTGGCTGAAGCAATGAGCCAAGTAACAAATTCAGCTACCATAAT 
GATGCAGAGAGGCAATmAGGAACCAMGAAAGATTGTTAAGTGTTTCAAT 

TGTGGCAAAGAAGGGCACACAGCCAGAAATTGCAGGGCCCCTAGGAAAAA 

GGGCTGTTGGAAATGTGGAAAGGAAGGACACCAAATGMAGATTGTACTGA 

GAQACAGGCTMTTTTTTAGGGAAGATCTGGCCTTCCTAOAAGGGAAGGCC 

AGGGMTTTTCTTCAGAGC^GACCAGAGCCAACAGCCCCACCAGAAGAGAG 

CTTCAGGTCTGGGGTAGAGACAACAACTCCCCCTCAGAAGOAGGAGCCGAT 

AGACAAGGAAGTGTATCCTTTAACTTCCCTCAGATCACTCTITGGCAACGAC 

CCCTCGTCACAATAAAGATAGGGGGGCAACTAAAGGAAGCTCTATTAGATA 

CAGGAGCAGATGATACAGTATTAGMGAAATGAGTTTGCCAGGAAGATGGA. 

AACCAAAAATGATAGGGGGAATTGGAGGTTTTATCAAAGTAAGACAQTATGA 

TCAGATACTCATAGAAATCrrGTGGACATAMGCTATAGGTACAGTATTAGTA 

ggacctacacctgtcaacataattggaagaaatctgttgactcagattggtt 
gcacmamttttcccattagccctattgagactgtaccagtaaaattaaag 

ccaggaatggatggcccaamgttamcaatggccattga^ 

ATAAAAG CATTAGTAGAAATTTGTACAGAAATGGAA^GGMG ^^f^JT^ 

CAAAAATTGGGCCTGAGMTCCATACMTACTCCAGTATTTGCCATAMGAA 

AAAAGACAGTACTAAATGGAGGAAATTAGTAGATTTCAGAGMCTTAATAAG 

AGAACTCAAGACTTCTGGGMGTTCMTTAGGAATACCACATCCCGCAGGG 

TrAAAAMGAAMMTCAGTAACAGTACTGGATGTGGGTGATGCATAjTTTTC 

AGl^mGATGAAGACrTCAGGMGTATACTGCAmA^ATAC^ 

ataaacaatgagacaccagggattagatatcagtacaatgtgcttccacagg 
gatcgw^aggatcaccagcaatattccam 

GCCTTTTAAAAMCAAAATC 

tgtatgtaggatctgacttagamtagggcagcatagaacaaaaatagagga 

GCTGAGACMCATCTGnGAGGTGGGGACTTA^^ 
TCAGAMGAACCT(XATTC<!TTTGGATGGGTTATGAACTCCATCCTGATAAA 

tggacagtacagcctatagtgctgccagaaaaagacagctggactgtcaat 

GACATACAGMGTTAGTGGGGAAA^GMTA^ 

G GG ATTAAAGTAAG OC AATTATGTAAACTC CTTAGAG GAAC CAAAGCACtAA 

CAGAAGTAATACCAC'TAACAGAAGAAQCAGAGCTAGAACTGGCAGAAAACA 

GAGAGATTCTAAAAGMCCAGTACATGGAGTGTATTATGACCCATCAjAAAGA 

crrAATAGCAGAAATACAGAAGCAGGGGCAAGGCCAATGGACATATCAAAT 

T1ATCMGAGCCATTTAAAMTCTGAAMCAGGAAAATATGCAAGAATGAGG 

GGTGCCCACACTMTGATG rAAMCAATTAA^GAGGCAOTGCAAAAAATAA 

CGACAGAAAGCATAGTAATATG GG GAAAGACTCCTAAATTTAAACTACCCAT 

ACAAAAGGAAACATGGGAAACATGGTGGACAGAGTATTGGCAAGCCACCTG 

GATTCCTGAGTGGGAGTTTGTTMTACCCCTCCTTTAGTGAAATTATGCT 

CAGmGAGAMGMCCCATAGTAGGAGCACAAACC^CWGTAGATG^ 

GCAGCTMCAGGGAGACTAMTTAGGAAMGCAGGATATGTTACTMCAAA 

GGAAGACAAAAGGTTGTCCCCCTAACTAACACAACAAATCAGAAA^TCAGT 

TACMGCMTTTAfCTAGCTTTGCAGGATTCAGGATTAGAAGTAAACATAGTA 

ACAGACTCACAATATGCATTAGGAATCATrCAAGCACAACCAGATAAAAGTG 



Figure Bj 
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AATCAGACTTAGTCAATCAAATAATAGAGCAGTTAATAAAAAAGGAAAAGGT 
CTATCTGGC ATGGGTACCAG CACACAAAGGAATTGGAG6AAATGAACAAQT 
AGATAAATTAGTt^GTGCTGGAATCAGGAAMTACTATTnTAGATGGAATA 

GATAAGGCCCAAGATGAACATTAG 



OcyOOOGWP(G\NtM21lA^01PRVLW-4fl AND HIV SEQEOC 
0226« 



Figure Bg 
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Sequence of now Psyn II promoter: 



Early part of promoter 



Critical region . 



Early start site 
• 



TAAAAAATGAAAAAATATTCTAATTTATAQQACGGT 



Late part of promoter 



TTTQATTTT6TTrnTTCT^^ 



Figure E 
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SEQUENCE TjTpTTwn 

<110> THE QOVWHMBKT OF THS SWPEG OP AMERICA, AS REPRESENTED BV THE 

SSCRETAHV, DSPARTMBHT Of HEALTH AW> HUMAN SSRVICES 

mgsb, Bernard 
wyatt, Una* 
Ear;., pacricia 

*130:> KVA EXPRESSING MODIFIED «V BlWEWPE, 

GAO, ahc poi* cenes 

«;130> KlHail.OOlPCT 

«150» Vfl 50/3^4,434 
<151> 2O01-03-O9 

<:nn> FaacsEO for Windows Version 4-0 

c210> 1 
<s31l!> 12225 
«212> DMA 

4213 > Artificial sequence 
«220» 

t;223> plasnldl 

«400:» 1 rf « 

naattwttq gtggtegcca tggatggtgt mtgtatac tgtctaaaca cgccagtaaa tfo 
acatggvga* q*o*t«atc «t»taaaa*a tgatrt=atg attaaaccat gtcgtgaa&a 120 
aateaagaac gttcac«ttg geg9«:«fca taa*"e»it acagtgattg eagatr.r.gcc IflO 
atatacggac aaLqcggcet eegatgtfcta; eaatfccaotg tafcaaaaaga atgtatcaag 
aatatccaga ctcggtaatt tgacaaagat agatgacgab gaoaagwto etactggtgt 
arataaLtat tctaaaccra ewgabqecat tgeisgttatt atafceeatag gaaaggatag 360 
agatgtntgt gaactactaa tclcaletqa baaagogtgt gtgfcgtatag agtfcaaatte 420 
ababaaagta gccattcttc CCacggatgL ttccfcttttt accede** atgsataafce 410 
gattactctc ctgttCgatt tCCCtaccga tgcggcaeefc ctcttaagaa gtgtaasoga BOO 
taataacgtc ,ttatatcta gacaccagcg tctauawo qaqcttccga gttocaattg 600 
gttMRjttb t»cat**gba taaagteega ctattgttct utattafcato bggbbgtfcga 660 
tgaaccfcgtg atgcatgcaa tagctgataa tagaacctac gcaaatacta gccftaaatat 120 
«tt«*aoaac aotacaacta aegifcgagtg tagacgctgt tactltgaac cacaqattag 780 
*afc*gbbgat agagatgaga tgCteaatgg atcatcgtgt gacatgaaca gagattqtat 640 
tarqatgaat ttaectgatg taggegaatt fcggatdugt atgttgQQfla aataxgaacc 300 
tgacauqatc aagattgctc tttoggtggc fcggg*aecag gogcgccttt car.L5t;gttt 960 
CCCCCtatac taLn«UeiOt acgtcidftgfca gw^ccaaa cccgtgaaat caaaaaactc IQ2Q 
gacggcctgt gggcatt^q tetggatogc gaaaact^tg gaattgatea gcgbtggc9g lOflO 
gaaagcgcgt tacaagaaay ceqqgcaatt gotgtgco** goagttbtaa cgatcagttc 1140 
gccgatgcag atacccgcaa ctatqcqggc aaegcetggt aeaagcgcga *gtotttata 1200 
ccgaaAflgtt gggcaggcca gcgtatcgtg cbgcgfettcg atgcggtcac toattaeggc U60 
aaagtgtggg tcaacaatca ggaagtgatg ga«rcnbeagg gcggctat*c gooatttga* 132 a 
gccgaxgtea cgccfltacgt catcgccggy aanacrtqtac gtacoaocgt ttgcgtgaac 1390 
a^cga.actga actggcagac tatcccgccg ggaatgyfcqe ttaoogaoga ?»aoggoaag 1440 
aaaaagcagc cttacttcca bgatltcttt aactacgccq qaatccatcg cagcgbaatg 1500 
ccctacacc» qgeegaacac ergggtgg&C gatatcaccg tqqtqacg^a tgtcgcgcaa 15S0 
goctgtemce ace<?gtotgs tg*ctgg«sag gtggtggcca atggtgatgt cagcgttqao 1620 
wtgcgtgacg cggatcaaca g^tggttgca aetggacaag gcaccagcgg gactLtqvaa leflO 
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gtggtgaatc cgoaccbcbg gcaaccgggc gaaggttatc tctatgaaet qegcgfcgaga 1740 
goaaaaagcc agacagagtg tgatatctac ecgcctcgcg tcggcotccg ytciu<cqqea 1800 
gfcgaagggog aacagbfcoot gabbaaecac aaaccgfctct actttaetgg ccctggtcgc I860 
c»tgaagatg oggacttgag tggcaaagga ttcgataacg tgctgatggc gcecgaccac ma 
gcaiboqtgg aetggattgg ggccaagboc taccgtagcc cgcattaccc tcacgctgaa t*ao 
q&qatggfci;H acfcgggcaga bgaagatggc afccgtggtg* tfcgatgaaac tgccgctgw 2040 
ggctttaaw tcbtebtagg oaetggtttc 3»agegggca acaagecgaa aflaacf.0t!ac d\uQ 
agcgaagogg gacrtcaacgg ggaaactcag aaagogoact taeaggcgat taaaoaoctg 216D 
acagcHCfltg awaaaaeca cpcaagogtg gtgab$bgga gcabbgeeaa cgaaccggat 222Q 
accCgtccBC aaggtgcacq qqaatabbbe gcgccagtgg cggaagoaae gcgtaaactc 32B0 
gacccgacgg gtcegatcac ctqcgtcaat gtaabgttct gagacgctca caacgata.ce 3340 
abdagegatc tcttcgatgt gctgtgcctg »aecqbbatt agggatgg&n fegtggaaago 3400 
ggcgatttgg aaacggcaga gaaggtactg gaaa<ta«taae ttctggcgtg gaaggagaaa 2460 
ctgeaceagc egattate&C caccgaatac ggcgtgyaba eqbfcagccgg gcbgcaotca 3520 
acgtacaficg aeatgbggag cgaagagtat cagtgtgcac ggctgqatai; qta^gaeegc 2560 
gfcctttgabg gcgbeagcyc cgtcgtcggt gaacaggcat ggaacttcgc cqaCttCgvg 2C40 
acotcgcaag gcasafctgcg cgbcggcggt aacaagaaag ggatcttcac tcgcgaccgt 2700 
aaaocgaagb gggoggcfctt fccbg\=tgeaa aaacgctgffa ccggcatgaa cttcggegoa 27C0 
aaaoagoago agggaggoaa acaatgagag ctcggttgtc garggaectg tgatgcatgc 2630 
aatagctgac aacagaagbt acggaaatab tagcaaaaat atattagaca atactacaat 25 B0 
baocgatgag b^bagatgct gtbattttg* acgaeagatt aggattcttg atagagatga 2940 
gatqutcaaw gyaceabcgt gtgatatgaa cagaeaetgfc attatgatga attcacctga innn 
tgtagqcqaa ttcggatcta gtatgttggg gaaatatgaa eotgagatga ttaagatbgc 30Rf> 
cccctcggtg gctyggg^c cqctcgagfca aaaaatgaaa aaababtcta atttabagga 3120 
cggctccgac ctcuttlLtt tctafcggtat aaaeaataaa tagcggaoge aecatgaaag 31B0 
tga&ggggat; caggaagaat t&tgacieaeb bqtggaaaeg gggeatcatg gtcotbggga 3240 
tgttgafcgat ctgtagtgcc gcagaaaatt tyc«ygt<cac agttbattat ggggtacctg 33 00 
tgtggaaaga agcaaccacc actccacctc qtguatgaga bgcuaaagea tatgatagag 3360 
aggtacabaa rgbttgggcc acacacgccc gtgcacccac ayacgggaac eeracaagaag 3420 
tagtattgga aaacgtgaca gaaaanctca acatgtggaa aaateacabg gtaqancaga 3«80 
t^aatgagga tabaateagt ttatgggatx aaegcctaaa gccatgcgt* aaaLbaacce 3S40 
qaahctgtgt tagbttaaab tgcactgaht tgaggaaCgt tactaacacc aacaa^agta 3600 
gtgagggaafc gagaggagaa ataaaaaaet gccctCLcaa Catcaccaca agcacaagag 3600 
areoggtgati $aaagacT;at ggaobbfctot atagacttga tgcagtacca atagaraarg 3720 
ataafcactag ctataggttg ataaattgba afcacctcaac eattaeacag gcctgtcCaa Jvhii 
awatcctt tgogccaatt occatacact accgtaccffc ggctggtttt gcgattctaa 38«n 
»yugbaa«<sa cflftgaagtbo aatggaacag ggcoabgtaa aaatgtoagc aeagtacaat 3900 
giavacatm oattoggcoa gbagcgtoaa cboaaergox: gttaaatggc agtefcageag 3960 
aagaagaggc agtaattaqa tctogcaatt tcacagaaaa bgaaaaaaao ataatagtao 4030 
agtcgaaaga atctgtagaa attaabtgba caagacccaci coagaataca aggaaaagba 4000 
tacatatagg accaggaaga gcattctatn caacaciqaqa aataatagga gatataagao 4140 
aagcacattg caacaccagC agaacaaaat ggaataaeac btbaaabcaa ataggtaaaa 4200 
aatbaaaaga acaacccggg aaraataaan t*?.otaqt^tt baabeaabcc tccggagggg 4260 
acceagaaac tgcaacgcac agttctaatc grggagggga acrctLctac tqtaattcaa t320 
eacaaflegtt taatagtact tggaacctta acggcacccg gaact^aaca caotcgaacq 4300 
gtaccgaagg aaatgaeacb abeacactcc catgtagaat aaaacaaacc a^aaa^argc 4440 
ggcaggaagc aggaaaagoa atgbabgccc ctcceatcap aggacaaact agacgctcat 4500 
caaatattac aggggtaata bbaacaagag abggtggaao taacagtagt gggtccgaga ^StfO 
tcttcagaee cgggggagga gatabgaggg acaattggag aagcgaatta tacaaataca 4620 
aagtagcaaa aattgaacga tbaggagtag oacogaggaa gg^aaaaaga agagtggtgc 4680 
aqaqcmaaaa eagagcagcg ggoocgatag gagctatgtt ccttgggbta btgggagoag 4740 
caqqaagcac ta^gygc^ca gcgtcaotaa cgatgaoggt acaggccaga atattatbgt 4IO0 
ctggtalagt gga«igagcaq aaeaabtbgc tgagggcifcat bgaggcgcaa aagcatotgt 4DC0 
cgcaactcac ttgtctgyggv e-bcaaqcaqc tccagggaag agtoctggcb gtggaaagab 4920 
acctaaggga LcaacayvUC ecaqqqattt ggggttgcbo tggaaaactc atgtggacca 4 990 
CtgctgtflCC ccggiatgct agttggagta ataaaautgb ggatatgatt bgggatoago 3040 
tgaccCggat gaagtg^Qaa agagaaatcg aaaactacac aggcbtaaba baeacctcaa 5100 
tbgaggaatc geagaaecaa caagaaaaga atgaacaaga ciLatbagga btaqafcaaqt 5160 
gggcaagcbt gtggaattgg tttgaear.ac caaattggct gtggtatgta aaatitcbtua 5220 
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taatgatagt aggaggcctg ataggtLtaa 
atag*gtta.g geagggaT.ae tcaccattgt 
gaccogaoag gccegaaO^ja atcgaagaag 
gccgceggta cccaacctaa aaattgaaaa 
aattgaaagc gagaaateaat aacaaafcaag 
gtggg^ago gteagtaxe* agcgggggag 
qgccaqqgg^ aaagaa»aaa tabaaattaa 
aacqattcqc agefcaafcwt ggoatgttag 
gacaq?taca accataaefct cagaca^gaii 
cagcaaccct ctactgtgtg catcaaagga 
acaagataga ggaaqaqcaa aaeaaaagta 
caggacacag caatcaggtc a^ccaaaafct 
tggtaear.ca ggccaratca cwtagaattt 
aggctttcag CCOagaagtg atacucatgt 
aagatttaaa caccatgcta aacacagcgg 
aagagaccac caacgaggaa gccgeagaac 
otattgcacc aggccagatg agagaaccaa 
accttcagga ataaatagga tggar.gacaa 
ataaaagatg gataatcetg ggattaaata 
ttctggauafe aagacaagga ccaaaagaac 
aaactctaag agecgagcaa $ecteacagg 
tggfcccaaaa h^ogaaocca gattgtaaga 
taetagaaga aatgatgaea gcatgtqagg 
ttttggctga aqeaatgagn ti&agt&acaa 
atttUtggaa ccaaaqaaag attgttaagt 
ccagaaattg caqg^uecet aqgaaaaagg 
aaatgaaaga ccgcactqag agacaggcta 
agggaaggcc agggaatctt cttcayagca 
gcttcaggtc cggggcagag acaas*avtc 
aact-.gC&GCC cttaaccccc ctcagatcac 
gataggggjg caactaaagg aagctctatt 
agaaacgagt ttgccaggaa gatggaaacc 
eaaagtaaga cafltatgatc agatacccac 
agbathagta ggacctacae ctgccaacat 
ttgcacttfca aattttccca ttagccctat 
aabggatggc eeaaaagfcta aacaat^gcc 
agaaafcfctgt aeagaaargg aaaaggaagg 
atacaataot ocagtattcg ccabaaagaa 
aqact&caga gaaebtaata agagaaafcoa 
auatcccgwa gggttaaaaa agcaaaaabc 
Tttctcagtt wvttagatq aaqacttcag 
aaacaacgag acaccaygga fctagafcafcca 
accaccagca acattcuaaa gtavfcatqae 
tccagacata gttacccacc aatacatgaa 
agggcagcat agaacaaaaa cagaggagct 
cacaceagac aaaaaacacc ag&aagaacc 
tcotgataaa fcggacagtac agccnacagt 
cgacatacag aagtfcagcgg ggaaattgaa 
agtaaggeaa ttatgtaaae tccttagagg 
aacaga^aa goagagcc^g aaetggcaga 
tggogtgcat tacgacccat caaaagactb 
ceaatggaca taeoaaattt atcaagagcc 
naeaatqagg ggfcgaaeaoa etaabgatgb 
aat:eaeaqaa agcatagcaa cafcggggaaa 
ggaaafcatqq qnaacatggt ggioagagta 
gtccgtcaat acccctcctt uagbgaaatt 
aggagcagaa accttc&atg tayafcggggc 
aggatacgct accaacaaay gaagayaaaa 
gaaaacncag ccacaagcaa Lttatctagc 



gaatagtett tectgtagbb tetsatagbaa S2B0 
catttyaqac ccacctccca gOCQogaggg 53 40 
aaggcggaqa caqaqactaa tfctttatgcg 5400 
Caa&cacaaa ggcccccgag ggttgcgbta 54 60 
cccggggacc ccccagagrc gacaccatgg 3920 
aattagatcs acgggaaaaa attcggttaa 55 80 
aaeatatagt atgggcaagc agggagctag 5640 
aaicateaga aggccgcaga caaaCactgg 5700 
aagaagaaet tagatcatta tataatacag $1 BO 
cagagataaa agaciaoeaag gaagctttag SB20 
agaaaaaago acagoaa^oa gaagetgaca 5BB0 
occotatagt gcagaacatc: oaggggoaaa 6940 
caaatgcatg ggtaaaag&a gfcagaagaga 6000 
cfctcagcatt ataagaagga gccacogeao GO CO 
ggggacatca ag^agccatg caaatgbtaa 6130 
ggqatagagt gcatctagcg catgcagggc 6190 
ggggaagtga catagcatrga aetaetagta 6210 
acaanccacc tatcwcaula qqaqaaattfi 6300 
aaacagcaag aatgtatdg^ ^^tatcaqca 6360 

ccttcagaga ccatgtagac cggttctata 64&o 

aggtaaaaaa ttggatgaca gaaaccLtgt 6430 

ctatbttaaa agcattggga ccagcggcr.a 65 10 

gagtaggagg ac=cegg£cat aaggcaagag ka'ciu 

acceagotao oataatgatg cagagaggca 6660 

gtttaaatcg tggaaaagaa gggca^a^ag 6720 

gctgttggaa abgtggaaag gaagga^aco 6730 

atttf.ttag9 gaagatctgg ccttcctaea 6S40 

gaecogagcc aaaagoo a oa ooagaagaga £900 

ccc«tcaqaa gcaggagccg atagacaagg €960 

tctrcqqcaa cgacetctog tcacaataaa 7030 

agatacagqa gcngatgaba aagtattaga 7000 

aaaaatgaca gqqqqaattg gaggttttac 7140 

agaaatccgt qqacataaaq ctabaggtae 7200 

aatr.ggaaga aatccgtcga ctcagattgg 7260 

tgagaccgra ccagcaaaat: caaagccagg 7320 

attgacagaa gaaaaaataa aagcatcagt 73 eo 

gaaaatfctca aaaattagflC CtgagaatCC 74.40 
aaaagaeagt actaaacgga ggaaattagt 7500 
agacttctgs ^aagttoaat taggaatacc 7560 
agcaacag&a ctggabgfcgg gtgatgcata 
gaacftatact gcattcaccA taoctagtat 7610 
gtaoaatgt^ ctteeacagg gatg$aaagg 7740 
aaaaatctta gagaetttta aaaaacaaaa 7 BOO 
cqat&tqtat gtaggafcctg acttagaoat 7B60 
qagacaacat vcgttgaggt ggggacttac 7920 
tccarrccct: tggatgggtt atQaactcca 7980 
gctgccagaa aaagacagct ggaccgteaa 6040 
caccgcaagc cagatctacc cagggatbaei 6100 
aaceaaagca ctaacagaag taacaecacc ai«o 
aaacajaga^ attctaaaag aaccagcaca bzzo 
aacagcagaa atscagaage aggggcaagg 9200 
attcaaaaat ctgaaaaeag gaaaatatgc y-jaf) 
aaaaaaatta acagaggcag tgeaaaaaat B400 
gactcotaaa cntaaactac ceakaeaaaa B460 
ttggcaagaa aaocggatto ctgaghggga B520 
abggtaccag tfcagagaaag aacccatagt 
agefcaacagg gagaocaaac taggaaaagc 6 $40 
gqefcqtccoc otaaocaaoa oaacaaatca 0700 

LLtquaqqat tcaggattag Aagtaaacat A76D 
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agtaaoagag bcaaaafcafcg cattaggaat oabcgaagoa oaacoagaea aaagbgaatc 6930 

agagetagtc aatoaaacaa tagagaagtt aataaaaaag gaa*aggtct atcfcggeafcg 8990 

gytaccnqca caceaaggaa ttggaggaaa tgaaeaag&n gataasttag tcagtgefcgg 6 940 

Bdtcaqgaaa atactalttt bagabygaat agataaggec caogatgaac abtagbtttt 5000 

atgtcgacct gciggganag ttttauiggt agttgoWd^a acaaaataca taablttgca $030 

aaaataaatc accLctcaca ctaatacgac agg*ib*cca abacttttgt. tactoatatc 9120 

axtagsatac gctacacctt ttcctcagac atccaanoaa ataggtgatg atgcaacttt 3160 

accatgtaat qgaaataaea caaacgacca cgctgteatg agcgcccggc acaaggagcc 92 so 

caattccatt attcttttag ctgccaaasg cgacgtcttg cattccgata actataccaa 93 do 

ggaCaaaata tcttacgact ctccatacga GgatctagtC acaaceatca Caattaaatc 9360 

attgaebgtfc agagatgceg gtaottatgt atgtgcattc tttatgacat cgoctacaaa 9420 

tgaeagtgab aaagbagafct atgaagaata. efceeaeagag ttgafctgtaa atacagatag 94 B0 

tgjiAhcgact jtagacabaa tact*tctgg atg tatacae teaecagaa* gbagtbaagc 

htgtoccoat atagcgagto gtattagagc ttggcgtaat gabggtpabai gctgtttccc ftCCO 

gtgfcgaaatb gtcacccgct cacaafttcca caeaaeatnc gageeggaag eata&agtgb 9660 

aaagaotggg g^gdotaatg agtgagotaa ctoaoattaa tcgegbtgog eccaabgoao 9720 

ggttbgg&gt cgggaaaggt gtggbgooag gtggattaat; $aabg$agga acgcgcgggg 9760 

agagggggtt tgggtatcgg ggggbctbcc ggttgctqgc taactgaetg gctgcgctcq 9640 

qtcgttcqqc tqcqqcc^aqc gsfc atcagg t gacfccaaagg cggbaatacq gfctatceaea 9900 

gaaCcaqqqq ataacqcaqq aaaqaacatq tqaqcaaa«H qwuaqcaaaa qgccaqqaac 9960 

cqtaaaaaqg ccgcgttgcr qqcqttctLC gataqqctcc qcccccccqa cgagcatcaq 10020 

aaaaatcgac gctcaagtca gaggtggoga aacccgacag gactacaaag ataccaggcg 1006 o 

Utccccctg gaagccccct cgtgggctct cctgccccga ccccgccgct caccggatac *oi.«u 

ccgcccgccc nccncccctc gggaagcgxg gcgccr.cccc acagcncacg ccgtaggrac umud 

cEicagttcgg tgtaggtcgt tc^ctccaag ctgggctgtg tgcacjaacc ccccgthc&g 10260 

cccgaccgct gcgccttatc cggtaactat cgfccttgagt ccaacccggt aagaeaegac 10120 

ttatcgccac tggoagcsgc eactggtaag ag^attagca gagcgaggxa tgfcaggcggfc 10380 

gctaeagagr totega-ngtg gfcggcctaac taoggetaca ccaga&ggao agtatetggc 1044 0 

afcefcgcgefcfc tgotgaagee agfcftacofcte ggaaaaagag tt$gt»gcco btgatggggc 10500 

aaaoaaaaaa aagecggtag cggtggttct ttfegtctgoa agcagcagae. taa^egcaga lOSfiO 

axaaaaggat cbcaagaaga bcctbtgatO ttttotaqgg ggtctgacgc bcagtggaac 10620 

gaaaactcac gttaagggnt tttggtcatg agattctcaa aooggatctt cacct agate 10660 

cttttaaatt aaaaatgaag ttttaaatea atctaaagta tatatgagca aacttggtct 10740 

qaeadbbace aaLgccfeaat cag^a^gca tctabctog tgatctgtct atttegttea 10B0 0 

VCCttlftgtcg cctyactccc eg Ley ty lag ataactacga t«tc?ggciggg ctcaccatcL 1DB60 

gg^cccagty ctgeaacgat accgcg&gac ccacgctcac cggctccaga tttatcagca 10920 

ataaaeeage cagceggaag ggecgagege agaageggco ccgcaacttt atccgcctcc iosbo 
acccagccta ccaaccQictg ccgggaagcc agagcaagta gtccgccagt taataptttg 11040 
cgcaacgttg ttggcattgc tacaggcaHc gtggtgncac getegtegtt tggtatgget 11100 
tcattcagct ccggttccca acgatcaapg cgagttacat gateeeteat gttgtgcaaa lllfiO 
aaagcggxca qezccctcgg tcctecgatc gttgtcagaa gcaa^cc^e cgoagtgtCa 
beacttaegg t tat^gmag-e actg<sataat tctchtacbg tcatgccatc pgtaaga&gc 11290 
tttcctgfcga ctggkgagba etcaa^caag tcattctgag aatagcgtaC gcggcgaoeg 11340 
agtbgebett ggccggegbq aataegggat aatacegege oa««&agoag aaofctca&aa 11400 
gtgetcatea tftggaaaacg tt«ttcgggg egaaaaotoc oaacf^acebt aoo^abgttg H4€0 
agatooagrt agatgeaaoa caocogegaa coaaaotgat octcagcotc ctttactttc 11520 
acgagcgtfct ctgggtgagc aaaaacagga agggaaaatg ccgcuaaaaa qqqaafca&cr? 11500 
ggqacacgqa aacqbtqaot oeceatoctc ttcctttttc aatattatt^ aa^Catttat 116*0 
caggqtLact qcctcatgaq cqqatacata tctgaatgta cc^agaaaaa uaaacaaaca 11700 
ggggtcccgc gcacacctcc ccgaaaagcg ccacctgacg tecaigaaac cactactatc ii7so 
acgacatcaa cccaraaaaa caggcgcacc acgaggcccr cccgtctcgc gcgtttcggt 11820 
gaegaeggtg aaaacccccg acacacgcag cccocggaga cggtcacagc ttgcctotaa iirbo 
gcggatgccg ggagcagaca agcccgccag ggcgcgscag cgggtgttgg cgggtgtcgg 11940 
OgCtggccia accatgcggc atcagagcag atkgtactga gagtgeacca tatgcggtgc 12000 
gaaataccge acagatgegt aa^gagaaaa taccgcatca ggegecatte gecatceagg 12DS0 
ctge^eaact gc&gggaagg gcgatcggtg egggcotatt ogetabtaeg ooigatggog 12130 
aaagg^gat gcgccgca^g gcgattaagt tgggtaaogc oagggtttto cgagtoagga 13190 
ogttgt*a«R ognoggccag tgaactggat btaggbgaoa otata " 



<aio> a 
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<211> 74 

<2l3> Artificial Sequence 
<c3a3» Payn II prorata* 

«*oo> a 

tnaaoaafccra aaaaafcatte taabttatag gacggtbtfcg atttcettfcfc tttctahgct 60 

ataaacaata acta ^ 4 

<aiO> 3 
<ZL1> 2214 
<212> SNA 

<213> Artificial sequence 

c22Q> 

c233> HIV env gene 
4400* 3 

atgaaagbga aggggatcag gaaoaattat cagcacttflC QBa&acgggg catcatgccc 6Q 

attgggacgb t^atjAtotg tagbgcbgba gaaaatttgH gggtcacaflC CC&CCACggg ISO 

gtacob^cgt ggaaagaagg aacaacoacfe ct»ttfcbgfc0 eateagafcgc taaagcatac l.AO 

qacacagagg fcaaataatgt ttgggeoaea oafcgcctgt© tacccacafla eeccaaccca 24 0 

caaqaagtag tabbggaaaa tgtgaaaga* aatetttaaca bgtggaaaaa taaeatggta 300 

qasuaqatqc atgoggebftt AAceagtttR tgggatoaaa gestaaagee atgtgtaaaa 360 

tcaaccccac tcLgbgtbae Stsaaattgc actgafctfcga ggaatgttac taatateaafc 420 

aatagtaptg aggyaatgag aggagoaatn ubabq^cic ctttcaatot gaaaa&aaga 4 90 

acaagagata aggtgaagaa anacfcacqea cttt^ctata gaottgatgt agtaccaata 540 

gacaacgata atacvagu;** tatmetqata aattgtaaca ootaaaocat tagacaggce 6 DO 

cgcccaaagg tatcctctga gcvaatieee afcaeaetatt gtaoaecggei tggttttgcg tifO 

attetaaagt gtaaagacaa gaagcccaat ggaacaqgqc uatgtaaawa tgteagcaea 720 

gtacaatgta cacatggaat taggecagta gtgtcaactc aactgetgefc aaatggcagt 7 bo 

ceagcagaag aaga^gbagfc aattagatCC agtaactcca cagacaatga aaaaaacata 040 

acagtacagt tgaaagaaxc tgtagaaatt aactgeacaa gacccaacaa caatacaagg 3 00 

aaaageaeao atataggatc aggaagagca ttttatacaa caggagaaac aataggagat sso 

acaagacaag aacafctgeaa cattagtaga aeaaaatgga ataacacttt aaatcaaata 1D7D 

gotaoaaaat taaaagaaca afctegggaat aafcaaaaeaa tagtctttaa tcadtcctca 1060 

ggaggggaec cagaaatt$(fc aatgoacagt tttaattjbg gaggggaatt gttctasfcgt 1140 

uatcucmcae aaetgtstaa tagbaottgg aattttaatg gtaottggaa tfccaacacaa 1300 

tcgaatggba etqaagqaaa tgaeaetafco aoaotegcat gtagaataaa aaaaaceata 13tf0 

aatatgtygc ac^aaqtaqq aaaageaatg babgaaeeec ccatcagagg agaaatbaga 1330 

tgcccatwaa aLabbaca^ gjctaatafcta aoaagagasg gcggaactaa gagtagbggg 1360 

tccgagatCC ccagacctgq qqqaqgagat atgagggaca attggagoag tgaattatai: 1440 

aaatataaag cagtaaaaat tgaaccatt* qqagbagcae eeaeeaaggc aaaaagaoga 1500 

gtggtgcaoa gagaaaaaag agcagrggga acgataygag cfcacgtfceefc eqraqfcccccg lsfio 

gg&gcagcag gaagcaccac gggcgcagcg tcaataacgu tgacygbaca ggccaqaeea 1620 

tbattgtctg gtatagtaca acagcagaac aatttgctga gggctattga gycgcaaqa^ 1660 

catetgttgc aactcacaoc ccggggcatc aagcagctcc aogcaagagc cccggcx:gcg i7«o 

gaaagaraee taagggabca acagctecta gggatccggg gttgctctgg aaaaccoacc 1000 

tgoaecactg ttgbgoottg gaatgctagt tggagttata aaactctgga tatgatttgg \*fin 

gafcaacatga ?ctggat9ga gbgggaaaga g»aa.bcgaaa attacacagg ottaatatac \*~>n 

acebbaattg aggaatcgea gaacc«aaaa «|aaaagBatg aacaagaebb attageatta 1980 

qafcaagtggg oaagtttgtg gaactggbbk gaCababoaa attggctgtg gb^taaaa 3040 

atcttcatao tgafcagbagg aggcttgata ggtfctaagaa fcagtttfctac tgtaetbbct 3100 

ataqtoaaba g^gbtaggca gggataetco ccobbgboab cfcoagaocoa ccbcccagoo 21^0 

ccqaqgggac tcyaeaggee ogaaggaatc gaagaagaag gtggagacag agac 3214 

<21C> 4 
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<2\\> 70 
< a JU> DNA 

<213> Artificial Sequence 
4220* 

<j323!> PmH$ promoter 
4400* 4 

aaaaattgaa aataaataca aaggttettg agggttgcgt taaattgaaa gcgagaaata €0 

abeataaaba ^0 

<;31Q» S 
<s211* 3479 

«m> ArtltlcUl Sequence 

<27.n> 

hiv genes 
<400> 5 

atgggtgcga gagcgtcagt attaagcggg ggaQaatcag accgaeggga aaaaattcgg eo 

ttaaggccag ggggaaagaa aaaatataaa ttaaaacata tagtatgggc aagcagggag iafl 

ccagaacgat tcgqagttaa tcctggectg ttagaaacat cagaaggctg tagacaaata 1BO 

ettgggaoage feaeaaaoato ccttcagaca ggateagaag aaettagate atcatataat 24 Q 

acagtagcaa gggtgtattg t^gtateaa aggatagaga taaaagaoao oaaggaagct 300 

tcagaoaaga tagaggaaga gcaaaacaaa agtaagaaaa aagoaoagaa agaagaagct 160 

gaeaeaggac acageaatea ggtgngcgaa aattaacota tagtgaa^aa ibabCjoa^JJ 420 

caaotggtacr afceaggeeat afceaeetaga ncttteootg cafcgggtaa* agt&gtagaa *S0 

ciogoaggctt ccagccca^a aqtqataccc atgttttcaq cattaCcaga aqqagccacc 540 

gcaca*yatt feandcacCcit ^.tdaaciM gtqefqqqciac ateaaqeaqe eatqcaaafcq 600 

ttaoaagoga ccatcantg* yiqaag^t^gq ^anU'^iata qaqtqcatcc aqbiwcabqca 660 

gggcccatcg caccagggca gacgagagaa ccaagggqaa qcqacatagc aqqaacnact 720 

agxacccctc aggaacaaat aggacggatg acaaataatc cacccatccc agtaqgagaa 760 

acr.taraaaa gatgganaat cccgggacca aacaaaacag taagaatgta tagccccacc a«o 

agcattccgg acacaagaca aggaccaaaa gaacccctea gagacr,acgc agaccggttc you 

rataaaactc taagagccga gcaagctcca eaggaggraa aaaattggac gacagaaacc 3M> 

ticgctggtee aaaatgcgaa cccagatcgt aagactattt taaaagcatb gggaccagcg 1020 

gctacagtag aagaaatgat gaeageaegt eagggagtag gaggacccgg ecataaggca 1060 

agagttttgg ctgaagcaat gagggaagt* icaaateaag atacoabaafc sacsaagaga 1140 

ggoaattCta ggaaceaaag aaagattgkt aagtg^ttga atfcgtggcaa agaagggcac 1300 

acagcraa^aa acegoagggo aggtaggaa* aagggccgtt ggaaatgtgg aaaggaagga i3<0 

cac*aaafcga aagattgtao bgagagacag gctaatfctfct fcagggaagat otggeeafcee 1320 

tacaagggaa. ggcaagggaa ttttottaag agoagaeoag agacaaoagc aeoaoeagaa 13 BO 

qaqag^Utca qqtctqqqgt aqaqacoaca actgg^cc ti; agaagcaqgo gcggatayac 1440 

aaqqdactqt aLcctttdiic ttcuctcaga tcactctttq qtoao-gactc ^tcytca^aa 1S0O 

taaagacagg ggggcaacta aaggaagctc tattagatac aggagcagat gatacagtat 1560 

tagaagaaac gagtccgcca ggaagatgga aaccaaaaat gataggggga atrggaggtt 1620 

ccaccaaagt aagacagiac gaccagasac ccacapaaac ccgcggacac aaagccacaa l6no 

gtacagtatn agxaggacet acacctgtca acataattgg aagaaatctg ttgacccaga 174 o 

ttsgctgcac tttaaattht cccatcagcc ctaccgagac tgtaccagta aaattaaagc 1600 

caggaat^ga cggcc^aaaa gtbaaa^aah gg&cactgac agaagaaaaa ataaaageab l@eo 

tagtagaaat ttgtaeagaa atggaaaagg aaggjaaaat ttcaaapatt gggcecgaga 1930 

atccatacaa tactccagca cttgccataa agaaaaaaga cagtaccaaa tggaggaaat IfiflO 

tagfcagaLfcc oaga$aaact aataagagaa ctoaagaoct otgggaagtt caattaggaa 3040 

taodao&too ogaagggtta aaaa&gaaaa aatoagtaao a^ba&cggat gtgggcgatg 3100 

catatttttc agttccccca gatgaagaot tcaggoagto tagbgcattb aceataeeta 3150 

gtataaacaa tgagacaooa gggattagat atoagtaca* tgcgottooa aagggattgga 3220 

aaaqotCBCC aqea&tatte caaaqtagca tqacanaaat cttaqaqcet ttto^oaooc 22 60 

«aaacccaqa eatagfctace tatcaataca tqaacqactt gcatqcaqqa tccgacttag 2340 
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daaeagggca gcatag»*<s» aaaatagagg WCBagaca acateeqtstg aggtgggga* 
tfc.««ac<, Sgaoaaaaaa wtcg.aag aacccccate cctttqmfeg m*'"*™ ?*" 
t«at«tga t*aae 99 ac* gtacaaceta tagtgctgec «« 
tcaatgacat acagaagtta gtggggaaat tgaataccgc »««agatt 25SD 
ttaaagraag g«.«t*ge a.aotcctta gagg^eca ■Qoooaea « 
cactaacaga agaagcagag «ogaa»tgg „agaaa«c» 9 wneu 
caeacggagt graccacgac ceatcaaaag acttaatagc ag«atacag aagcaggBBC 27«0 
•aggceSatg gamMtcu actt.teaag aa~attta» aaatstgaaa ^"ggaaaac mv 
atglaagai? gaoBMegec eac«t«M fttgt aAa.« attaacagag J"^"" »io 
aaUaalcic agaaagcata fltaacacggg gauagftetec caaattwaa ?!" 
».a*gg M a» atgggaaaea Cggtggaeag agtautse=« agceaootgg »*™='3*9' 
n^ffigt *»»t* C P«t cctttagcga ututnti csagttagag »"9"~" 
lageaggago agaaaeetce tatgcagacg ggg«gccaa cftgggagacs aatttaggaa 3120 
„g«a 99 «U tgttwfcaM aaaggaagac muhh« C ««raact 
ac'agSau coagttaaaa gcaattiatc tagctttgca ggahhcagga «*9"9«* "46 
...tagcaa. tatgcattag gaaeca«ca a^aacca 9«""^9 »»• 

iiatcagagtt agtgaatoaa ata.t.gagc qtuuui aaaggaaa.g ^ekab^gg "SO 
catWWC^e agcaaaaaaa 39»«t 9 t r .g gaaaCgaaca SBtagataa* u °*"£* "?! 
ccggaatoag gaaaatacta tttceagatg gaaragataa ggcccaagat gaaoattag 3479 

<211> 9 
«212> PRT 

<ail» Simian iimminoaerioiency viruo 

Cve Thr Pro Tyr AeC He Aaft Bin Mat 
l S 



<210» 7 

<2ii> a 

<2L2> PAT 
<2l3> Chicken 

<«on> 3 



Ser rj.e Ue Asn Phc Qlu ty fi 
1 3 



43102. 9 
*212> Dtf* 

s213> Artificial Sequence 
<220» 

c223? prpbe 

<400* 8 20 

<2X0> S 
«21l3 4 
Ml* PRT 

^313> >miMn trommodeficiancy Vima 
<;2aa> VARIANT 

*233> UI..-UJ 
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<Z23> Xaa - Any Amino Aeid 

Tyr X&a H»d L«u 
1 



<ZlO> 10 
<2U> S3 
<212> Dim 

<213> ArtirlClal Sequence 



*400> 10 

cgctttttftt »gtaa$tifctt tcaoeeataa ataataaaca caataattan ttecte^taa 60 
a«*ttgeaaa accattofcaa tttattgeac ggt 93 



*210* 11 
*Z11> 74 
<21i> DNA 

<213> Artificial 9equanee 
<22C* 

<7.'jri> psyji III proBQtBr 



<400> 11 

taawttga aaaaatattc caatCCatag gacggtttt* actttottfce fcefcetatact 60 
ataaataata aata 74 

<310> 13 
^311* 74 
c212> SNA 

*213» Artificial Sequence 
<220? 

*Z2%* Poyn IV promoter 
<400> 12 

taaaaatcga aaaacLattc watetatog gac9$rfcttg atttectttt tttctatact so 
ataaataata aaca 11 

<2io» n 

<e3U» 75 

-i2i3* b»a 

*213> Artificial Sequence 
<220» 

<222> Dsyn V premolar 
<400=» 13 

aaaaciatgat aaigtaggtti cagttttatt gotggttt" aateaegctt tcgagr.aaaa so 
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